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Embera Katío is a Chocó language of Colombia. This thesis presents the results of 
an acoustic analysis of the stops as produced by speakers from the departments of 
Córdoba and Antioquia. The analysis of the stops allows me to establish more 
conclusively their actual physical correlates and corresponding phonological categories.  
Five male adult native speakers of Embera Katío were recorded on location. Each 
one pronounced sixty-one words in a constant sentential frame, five times each. The 
utterances were analyzed acoustically, measuring duration, formant onset time, pre-
voicing, and burst.  
Analysis of the data verifies that Embera Katío has three series of stops: aspirated, 
unaspirated and voiced. There are clear indications of systematic variation between the 
Katío of Córdoba and the Katío of Antioquia. As found in other languages, duration of 
the closure is the longest for bilabials and the shortest for velars. Conversely, FOT is the 
shortest for bilabials and the longest for velars. A preceding nasal vowel correlates with 
longer duration and shorter FOT. The most significant finding that differs from 
widespread tendencies in the world’s languages is the fact that stress correlates with 
shorter FOT. 
1 
CHAPTER 1  
INTRODUCTION 
The Embera Katío (or Katío) language (ISO 639-3: cto) is spoken in Colombia. In 
previous studies, there has been considerable disagreement concerning the correct 
analysis of the oral stops. In this study I present the acoustic qualities of stops in two 
varieties of Katío, especially focusing on the interaction of stress and nasal vowels with 
the realizations of the stops. After presenting basic demographic information in section 
1.1, I present the language affiliation in section 1.2, a phonological sketch of Embera 
Katío stops in section 1.3, and the goals of this research in section 1.4. 
1.1 Embera Katío Demographics 
The Embera Katíos are a tribal group indigenous to northwest Colombia. The latest 
national census1 reports a population of 32,899 Katíos scattered in mountainous tropical 
rainforests in the states (‘departamentos’) of Córdoba (13.4% of the Katío population), 
Chocó (26.5%) and Antioquia (33.5%).  This census also reports that 13.6% of the Katío 
population lives in urban areas. There are a number of Katíos who have moved north of 
Chocó and are now living across the Colombian border, in Panama. The general 
                                              
1 Departamento Administrativo Nacional de Estadística (DANE) (2005). 
2 
locations of the major Katío communities, as well as neighboring indigenous groups, are 
shown in Figure 1.2 
 
Figure 1. Embera Katío geographical locations 
The Katíos of Córdoba are mostly located in the Paramillo National Park, in the areas of 
the Esmeralda River, and at the heads of the San Jorge and Sinú Rivers. A large number 
of the Katíos of Córdoba were relocated by the government from their forest lands into 
                                              
2 Base map from Google maps, public domain. Legend, rivers and locations of Embera 
groups drawn on map are my own and are only referential. 
3 
the town of Tierralta to the north.3 The Katíos of Antioquia live to the west of the 
Paramillo National Park, along the Atrato River and Highway 62, in the areas of 
Dabeiba, Chigorodó and Turbo. They also live in or near the towns of Ituango and 
Tarazá to the east of the park. The Katíos of Chocó share territories with the related 
Darien Embera and the unrelated Kunas in the areas of Riosucio, the Uraba Gulf, 
Unguía and Acandí, farther to the west and northwest. Due to geographical proximity, 
there is more communication and exchange between Katíos from Antioquia and Chocó 
than either of those groups have with Katíos in Córdoba. The Katíos in Córdoba are the 
most isolated of the Katíos. While they may have some contact with the Katíos of 
Antioquia, they have very little interaction with the Katíos of Chocó. 
Traditional Katíos are semi-nomadic subsistence farmers, and hunters and 
gatherers. They live in nuclear family homes widely scattered in sparsely populated 
hamlets often with half a kilometer between dwellings. In the last two decades some of 
them have had to cluster more closely around villages to have access to government 
recognition for medical care and land allocation. In recent years, due to the continual 
barrage of herbicides,4 many of the Katíos have opted to work for a landlord in order to 
secure an income for their families. This has led them to learn more Spanish, the 
                                              
3 This action took place between 1992 and 1998 as a concession to the Katío people for 
the loss of natural resources and land incurred due to a dam that was built in spite of 
Embera Katío opposition. The Katíos involved are receiving monetary compensation 
from the Colombian government. The social implications of this action are already the 
subject of several anthropological studies. 
4 In a huge effort to control illegal crops, the Colombian government and its drug 
enforcement agency have continual campaigns that spray herbicides across cultivated 
areas, killing many legal crops, such as those cultivated by Katíos, as well as those 
cultivated illegally. 
4 
language of wider communication in Colombia, in order to interact in their new 
working environment. This is also the case for the approximately five thousand Katíos 
living in urban areas. 
1.2 Language Affiliation 
The Embera Katío language belongs to the Chocó language family and the Chocó 
genus (Dryer & Haspelmath 2011). Languages in this family are spoken by 
approximately 90,000 people in northwestern Colombia and Southeastern Panama. The 
Chocó language family has been classified as Chibchan by Lehmann (in Loewen 
1963:246–263), as Carib by Loewen (1963), as Chibchan-Paezan by Greenberg (1987), 
and as independent by Costenla and Margery (1991), as well as by Pardo and Aguirre 
(1993). None of these hypotheses of language affiliation have been proven. In an 
analysis of South American linguistic areas, Campbell (1997) explains that 
“considerable structural diffusion and various areal phenomena have been identified in 
the languages of South America, but its linguistic areas have, for the most part, not been 
the subject of concentrated investigation and hence are not clearly defined.” On the 
other hand, in an article on Chocó Languages, Aguirre-Licht (2009) states that in light 
of recent linguistic explorations, the thesis of the independence of this family seems to 
be the most reliable, although also admitting that their classification within any one of 
the great variety of American linguistic families is still open to discussion. The 
Colombian government, through its Department of National Planning (DNP), recognizes 
Chocó as an independent regional language family, and acknowledges that it contains 
Waunana (also known as Waunan) and the six Embera languages (DNP 2010:8). 
Wuanana is geographically proximate to the Embera languages, but Loewen (1960:9–
22) reports that cognate correspondences are less than 50%. DNP’s report states that the 
5 
Embera languages have good vitality and are being transmitted to the new generations 
(DNP 2010:10–11). Figure 2 shows this language family. 
 
Figure 2. Chocó Language Family5 
The Embera languages6 are divided into two groups: the Northern and the Southern 
languages (Loewen 1963:243). Embera Katío and Darien Embera belong to the northern 
group. Epena Pedee (also known as Epena Saija), Embera Baudó, Embera Tadó and 
Embera Chamí belong to the southern group. These names are derived from the names 
of the regions inhabited by these groups, which generally took the name of the main 
river that crossed through their territory (Aguirre 2006 in Aguirre-Licht 2009). In the 
case of ‘Katío’, the Latinos of the area gave this name to the Emberas who occupied the 
                                              
5 Graphic by Gisella Greenfield 2012. 
6 Each of the Embera people group refers to its own language as Embera Bedea, Epena 
Pedee, Epena Pedea, or a variation of these. The terms mean: ‘person-words’ or 
‘indigenous-person’s-words’. Having no way to distinguish one from the other, I have 
decided to call them by the most common name they are recognized by outsiders. 
6 
region once inhabited by a brave warrior tribe known as the Katio Indians which 
succumbed to the Spanish (Aguirre-Licht 2009:224). 
As Mortensen (1999:1) points out, the language names are often preceded by the 
word Embera to signal the common ethnicity of these groups. The words embera or 
epena mean ‘person’ and are used by this ethnic group to distinguish themselves from 
Latinos. It has been my experience with the Katíos that any non-indigenous-looking 
person is referred to as ‘kapũnĩã’, but other indigenous peoples, whose physical features 
are somewhat similar to theirs, would be referred to as Embera, followed by a quick 
clarification: ‘another kind of Embera’. This is reflected in the fact that Rex and 
Schöttelndreyer (1972), when giving an example with the word /ẽbẽˈɾã/, translated it 
with the Spanish word indígena ‘Indian’.  
The Emberas also have names to designate the different groups in their language 
family. According to Mortensen (1994; 1999) and Schöttelndreyer (p.c), Darien 
Emberas call themselves Dobida ‘river dwellers’, Katíos and Chamíes identify themselves 
as Eyabida ‘mountain dwellers’, and Baudó and Saija call themselves Siapida ‘people of 
the wild cane’. It is interesting to note that the Katíos from Córdoba who participated in 
this research stated that they are Koribibida ‘Córdoba dwellers’, leaving the designation 
of Eyabida to the Katíos from Antioquia, and further distancing themselves from the 
Katíos of Chocó, to whom they refered as Dobida ‘river dwellers’. When I told them I 
thought all the Katíos were Eyabida, they replied that was true in the past, but that now 
those who live in Córdoba are Koribibida and speak Koribibida, accepting that it is a very 
7 
close variant of Eyabida. In their own words, “they [eyabida] speak the same language 
but with some differences.”7 The participants from Antioquia concurred with this. 
As has been mentioned, Dobida has always been the Embera word used to designate 
Darien Emberas. Now, however, Katíos from Córdoba and Antioquia apply that 
designation to Katío people from Chocó. During one of our recording sessions the five 
participants of this study were asked for the rationale behind this. They explained that 
Dobida speak differently. Luis Domicó8 clarified: “They are Embera like us, and we 
understand them, but sometimes they use different words and we need to think a little. 
After a while [with more exposure to them], we can understand better.” Then he added: 
“There are other Emberas who live farther north [referring to Darien Emberas], and the 
Emberas from Chocó speak a lot like them.” 
Further confirming these statements, José Domicó9 explained that he was raised in 
Córdoba, but his mother is from Antioquia, so he sometimes speaks as a Koribibida and 
sometimes as Eyabida. The other four participants in this research agreed with him. 
In light of these distinctions, it should be noted that Rex and Schöttelndreyer’s 
research was conducted in Córdoba (1972:72). Mortensen’s research was conducted in 
Bogota, with two speakers from Chocó from the same clan group (Mortensen 
1994:11,23). However, there have been no systematic comparisons of Katío varieties.  
                                              
7 These are the words of Participant 5: Robinson Enrique Majore Domico. 
8 This is Speaker 3 Luis Domicó, who has had contact with Katíos of Chocó, both in 
Bogotá and in each of our annual Bible workshops, held since 2000. In these gatherings 
Katíos from the three departments meet in our hometown for one week of Bible and 
Community Development training. 
9 José Domicó is Speaker 2 in our research. 
8 
1.3 Phonological Sketch of Embera Katío Stops 
Previous phonological descriptions of Embera Katío posit two or three series of 
stops. In addition to disagreements over the number of series, they also disagree about 
the distinctive features which characterize them. Loewen (1963) posits three series: 
fortis, lenis and voiced. Later, Rex and Schöttelndreyer (1972), based on limited data 
and limited experience with the language, propose only two phonemic series of stops: 
voiceless and voiced. Like Loewen, Pardo Rojas (1984) also posits three contrastive 
series, but he claims that the sets are voiceless, tense voiced and voiced. Finally, 
Mortensen (1994, 1999) provides some acoustic evidence and concludes that the three 
series are actually aspirated, constricted and voiced. The phonemic inventory provided 
by Mortensen (1999) is as follows: 
Table 1. Mortensen’s phonemic inventory of the stops 
 Bilabial Alveolar Velar 
Aspirated pʰ tʰ kʰ 
Constricted p’ t’ k’ 
Voiced b d   
In Mortensen’s analysis the voiced set is missing [ɡ]. This issue is addressed later in this 
section.  
9 
The examples in (1) show the contrast of bilabial stops /pʰ, p’, b/10 in word-initial 
position. The examples in (2) show the contrast of the same bilabial stops in word-
medial position. 
(1) a. /pʰi/ [pʰi] ‘peace’ 
 b. /p’iˈdo/ [p’iˈdo] ‘wild boar’ 
 c. /bi/ [bi] ‘belly’ 
(2) a. /ipʰiˈda/ [ipʰiˈda] ‘laugh’ 
 b. /ĩˈp’iɾa/ [ĩˈᵐp’iɾa] ‘lamp’ 
 c. /waibu̶a/ [waiˈbu̶a] ‘big’  
The examples in (3) show contrast of alveolar stops /tʰ, t’/ in word-initial position. 
The voiced alveolar stop /d/ does not occur in word-initial position. The examples in 
(4) show the contrast of alveolar stops /tʰ, t’, d/ in word-medial position. 
(3) a. /tʰaˈtʃi/ [tʰaˈtʃi] ‘nail’ 
 b. /t’aˈma/ [t’aˈmã] ‘snake’ 
(4) a. /baˈtʰa/ [baˈtʰa] ‘shoot’ 
 b. /beˈt’a/ [beˈt’a] ‘fish’ 
 c. /p’eˈdea/ [p’eˈdea] ‘word’  
The only velar stop in word-initial position is /kʰ/ as in /kʰiˈda/ [kʰiˈda] ‘tooth’. 
The examples in (5) show contrast of velar stops /kʰ, k’/ in word-medial position. 
(5) a. /bakʰaˈɾa/ [bakʰaˈɾa] ‘seed’ 
 b. /bak’aˈɾa/ [bak’aˈɾa] ‘snake’  
                                              
10 Forms between forward slashes /x/ are underlying forms; phonetic representations 
are presented between brackets [x]. 
10 
As a background in which to place my findings I give Mortensen’s analysis of 
nasality and voicing in the stops (Mortensen 1994). Nasality is contrastive in vowels as 
shown in examples (6) and (7).  
(6)  a. /e/   [ʔe] ‘human skin’ 
 b. /ẽ/ [ʔẽ] ‘basket carried with headband’ 
(7) a. /tʰa/ [tʰa] ‘seed’ 
 b. /tʰã/ [tʰã] ‘salt’  
The phonetic realization of intervocalic stops is influenced by the nasality of the 
preceding vowel. Mortensen (1994:53; 1999:7) claims that voiceless stops become 
pre-nasalized and voiceless unaspirated stops may show partial voicing after nasal 
vowels.11 This is shown in the examples in (8).  
(8) a. /ũˈp’ea/ [ũˈᵐp’ea]~ [ũˈᵐbea] ‘three’ 
 b. /hẽˈt’a/ [hẽˈⁿt’a] ~ [hẽˈⁿda] ‘back’ (adverb) 
 c. /pʰõˈk’a/ [pʰõˈŋk’a] ~ [pʰõˈŋɡa] ‘air rifle’ 
 d. /mĩˈk’ia/ [mĩˈᵑk’ia] ~ [mĩˈᵑɡia] ‘rancid’ 
 e. /ˈkʰõ-pʰe/ [ˈkʰõᵐpʰe] ‘cut (with an instrument)’ (cut-INSTR)  
 f. /ˈmĩtʰia/ [ˈmĩⁿtʰia] ‘ugly’ 
 g. /ẽkʰaˈra/ [ẽŋkʰaˈra] ‘back’ (noun)  
In word-initial position the stops are not affected by the nasality of the following vowel. 
In (9) I give examples of word-initial bilabial stops followed by either oral (9a and c) or 
nasal vowels (9b and d). In (10) the examples are of word-initial alveolar stops. In (11) 
                                              
11 This claim is actually too broad. There are cases in my data in which nasal vowels do 
not trigger pre-nasalization. This is discussed further in section 5.2.1 
11 
the examples are of word-initial velar stop /kʰ/. (Voiced initial /b/ never occurs 
preceding a nasal vowel.) 































‘cut with an instrument’ (cut-INSTR)   
Voiced stops undergo full nasal assimilation after nasal vowels. Nasalization 
spreads from the initial nasal consonant or vowel, through the voiced stop which 
becomes nasal but keeps its point of articulation, and continues spreading rightward. 
Examples (12a) and (13a) show the voiced stops in oral environment. Examples (12b) 
and (13b) show the same voiced stops in nasal environment. 
(12)  a. /b-ˈu̶-a/ [ˈbu̶a] ‘am/is/are’ (be-PRES-DECL) 
 b. /nũ-b-u̶-ˈa/ [nũmũ̶ˈã] ‘present progressive’ (stand-be-PRES-DECL) 
(13)  a. /o-de/ [ˈode] ‘in the road’  (road- LOC) 
 b. /meˈa-de/ [mẽˈãnẽ] ‘in the jungle’ (jungle-LOC) 
There are no clear instances of monomorphemic intervocalic /b/ or /d/ after a 
nasal vowel in my data.13 The only unambiguous occurrences of /b/ or /d/ are in 
                                              
12 “The suffix -ya is the future tense marker and is used as the citation form” (Mortensen 
1999:62). 
12 
morpheme-initial position which can follow a nasal vowel in some words but which also 
occur word-initially or following an oral vowel in other words. For example the verb ‘to 
be’ takes the forms [b] and [m]; the realization as [b] happens in oral environments and 
the realization as [m] takes place in nasal environments.  
The distribution of allophones provides justification for Mortensen’s claim that 
there is no */ɡ/ phoneme in this language. First, there is no evidence of a voiced velar 
stop in word-initial position. Second, if [ɡ] and [k’] were separate phonemes, [ɡ] would 
become fully nasalized [ŋ] when preceded by a nasal vowel. Since there is no evidence 
of this, I agree with Mortensen that phonetic [ɡ] and [k’] are allophones of the same 
phoneme /k’/. 
In spite of these phonological explanations, the speakers who participated in this 
study consistently recognize a [ɡ]. Mortensen claims that the perceived [ɡ] is a 
constricted /k’/ which is voiced between two low back vowels. In Chapter 3, I show 
abundant evidence of variation in the production of /k’/, both in word-initial and in 
word-medial position. In both positions /k’/ is voiced or fricativized in different 
environments, not just between two low back vowels. 
I agree with Mortensen that in Embera Katío there are three sets of stops, which 
contrast at the bilabial, alveolar and velar points of articulation. Based on acoustic 
evidence, however, I argue that while constriction might be present in certain 
environments, it is not present in the majority of occurrences. Therefore I characterize 
                                                                                                                                       
13 Since they would always surface as phonetic [m] and [n], and since /m/ and /n/ exist 
as separate phonemes, most instances of intervocalic [m] and [n] would be interpreted 
as realizations of /m/ and /n/. 
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the second set as unaspirated.14 A revised chart of Embera Katío stops is given in Table 
2. 
Table 2. Revision of the phonemic inventory of Embera Katío stops 
 Bilabial Alveolar Velar 
Aspirated pʰ tʰ kʰ 
Unaspirated p t k 
Voiced b d   
Therefore, for the rest of this thesis I will transcribe the second set as unaspirated, not 
as constricted. 
As shown in this study, the phonetic realizations of stops are influenced by stress. 
In uninflected words, stress is usually final. In inflected words stress is usually 
penultimate. Most of the forms used in this study have a suffix and all take stress on the 
penultimate syllable.15 
Common syllable forms are CV or V. Onsets are limited to C1C2 where C2 is always 
the flap /ɾ/. In these complex onsets, C1 is either /tʰ/, /t/, /kʰ/, or /s/. The following 
CVV sequences are also attested: /ai/, /au̶/, /ia/and /ea/. Examples of the various 
syllable types are given in Error! Reference source not found.) through (17). 
                                              
14 Further discussion in Section 4.1 
15 Stress in the Katío language is much more complicated than this. It varies in 
uninflected words, but it mostly falls on the final syllable. When it fails to do so, it is 
penultimate. A discussion of the factors involved is beyond the scope of this thesis. 
14 
























































‘that’ (distal deitic) 
‘black’  
1.4 Goals of this research 
The purpose of this thesis is to provide evidence through the results of a major 
instrumental analysis that allows a more accurate characterization of the stops and their 
distinctive features in the phonology of Embera Katío. I present the acoustic qualities of 
stops in the Katío spoken in Córdoba and Antioquia focusing on various acoustic 
parameters which help determine the presence or absence of ejective stops, and the 
15 
influence of nasality and stress. As part of this study, I also show that there are 
indications of systematic variation between the Katío spoken in Córdoba and Antioquia.  
1.5 Structure of the thesis 
In chapter two I present the procedures used to select speakers and to select target 
words, the recording process, and a description of analytical procedures. Chapter three 
presents data results and acoustic analysis of word-initial and word-medial stops, and 
the influence that nasality and stress have in the realization of these stops. In chapter 
four I discuss the results presented in chapter three. Finally, chapter five provides my 
conclusions and suggestions for further research. 
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CHAPTER 2  
PROCEDURES 
This chapter presents the procedures used to select the speakers and a description 
of the process to select the target words. It also describes the recording process and the 
segmentation and analytical procedures. 
2.1 The speakers 
Seven male adult native speakers of Embera Katío volunteered to participate in this 
research. They all gave their informed consent to be part of the project.16 They were 
aware of the nature of the research as well as the freedom they had to participate in it 
or withdraw if they so wished.  
Five of them participated from the beginning of the study. The other two stepped in 
towards the end of the analysis, when I needed to test some results. 
                                              
16 This research was carried out under IRB-200808-21, approved by the University of 
North Dakota Institutional Review Board.  
17 
The speakers, all born and raised in Katío-speaking homes, are from different 
villages: two from the Department of Antioquia and five from the Department of 
Córdoba. In each of these villages Embera Katío is the only language used.17 
Table 3 shows the speakers’ origin, age, and other sociolinguistic data that bear on 
this research. 
Table 3. Demographics of the Participants 










S1 Yanogordo, Dabeiba 
Antioquia 
27 level 80+ finished 
high school 
level 60 
S2 San Antonio, Uré, Córdoba 20 level 34 3rd Grade level 28 
S3 San Antonio, Uré, Córdoba 52 level 40 5th Grade level 30 
S4 Jaidokama, Ituango, Antioquia 26 level 50 5th Grade level 34 
S5 El Bosque, Uré, Córdoba 17 level 60 7th Grade level 80 
S6 Batatado, Uré, Córdoba 21 level 80 5th Grade level 60 
S7 San Antonio, Uré, Córdoba 19 level 50 4th Grade level 34  
Originally I intended to have a representation from the Department of Chocó, but I 
was unable to travel to the villages in that department due to heavy political unrest. 
Other issues prevented Chocoan Katíos from coming to where I was conducting this 
research.  
                                              
17 The only exception is elementary schooling. In Antioquia education is in Spanish, by a 
Spanish-speaking teacher who knows a little bit of Katío. In San Antonio (Córdoba) the 
teacher is a Katío woman, and even though the content of the lessons is in Spanish, 
most of the teaching and explanations are given in Katío. (This information was 
provided by the speakers involved in this project.) 
18 We are using the Developmental Reading Assessment (DRA) levels chart to rate 




2.2 Description of the process to select the target words 
Using pictures and real objects to illustrate words or actions, I chose sixty target 
words with the help of Katío speakers S1 through S5. Later they decided I needed to 
include another word, which formed a minimal pair with a word already on the list. For 
the core of this research I worked with 61 words, each word containing one or more 
stops.  
Towards the end of the research six more words were elicited. These were chosen 
in the same manner as the first 61. This time, three of the five initial participants were 
present to record and two new speakers agreed to participate. Only one of these six 
words was added to the analysis. 
Tokens were selected following Mortensen’s three-way classification of stops 
(Mortensen 1994:12). Words were chosen with each of the eight target sounds in word-
initial or word-medial positions with the following exceptions: /d/ and /k/ never occur 
in word-initial position. 
In Katío all syllables are open; no consonants occur word-finally. Most words used 
in this study have a suffix19 and each bears stress on the penultimate syllable, with one 
possible exception [eˈpʰa] which is discussed in section 3.4.1. I intended to elicit words 
in which the target sounds were in stressed and unstressed syllables, in oral and nasal 
environments, and in CɾV clusters. This was not possible for some sets, and I provide an 
                                              
19 Three types of suffixes are used in the target words: -ta (absolutive case, on 
nouns), -pʰe (instrumental marker, on verbs), and -pe (volition marker, on verbs). More 
detail in section 2.3 
19 
explanation next to the respective word-list below in those cases. In each list the words 
in which the target sound is in a stressed syllable are shaded grey. 
Table 4 shows the words containing voiceless aspirated /pʰ/, /tʰ/ and /kʰ/ in word-
initial position.  
Table 4. Words with aspirated stop in word-initial position 
/pʰaˈkha-ta/ [pʰaˈkhata] ‘cow’ 
/pʰaˈpʰa-ta/ [pʰaˈpʰata] ‘mother’ 
/pʰaˈta-ta/ [pʰaˈtata] ‘plantain’ 
/phepheˈna-ta/ [phepheˈnata] ‘fan’ 
/phewedeˈa-ta/ [phewedeˈata] ‘something sharp’ 
/phiˈɾatɾu/ [phiˈɾatɾu] ‘stand’ 
/pʰ/ 
/phõˈka-ta/ [phõˈᵑkata] ‘gun, rifle’ 
/tʰaˈʧi-ta/ [tʰaˈʧita] ‘nail’ 
/tʰoˈtho-pe/ [tʰoˈthope] ‘leave at own’s will’ 
/thu̶ˈpu̶-ta/ [thu̶ˈpu̶ta] ‘firewood’ 
/ˈtʰɾũ̶-ta/ [ˈtʰɾũ̶ⁿta] ‘name’ 
/tʰ/ 
/ˈthu-phe/ [ˈthuphe] ‘chop with an instrument’ 
/kʰaˈya-ta/ [kʰaˈyata] ‘sick’ 
/kʰẽwaˈɾa-ta/ [kʰẽβãˈɳãta] ‘afternoon’ 
/kʰɾĩˈʧa-ta/ [kʰɾĩˈⁿʧata] ‘a thought’ 
/kʰu̶ˈda-ta/ [kʰu̶ˈdata] ‘floor’ 
/ˈkʰaũ̶-ta/ [ˈkʰaũ̶ⁿta] ‘that’ 
/kʰ/ 
/ˈkʰõ-pʰe/ [ˈkʰõᵐpʰe] ‘cut with an instrument’ 
 
For all seven words in the /pʰ/ set the target sound is in an unstressed syllable. Due 
to stress patterns in the language, the only times an initial /pʰ/ occur in a stressed 
syllable are in monosyllables in isolation or with just one suffix. At the time of word 
20 
elicitation the Katíos thought of the word /ˈpʰã/ ‘rub or paint’, but they all agreed it 
sounded awkward in the sentential frame.20 
There are five words in the /tʰ/ set. The first three contain the target sound in an 
unstressed syllable. The last two contain the target sound in a stressed syllable. In this 
set, /tʰ/ is in a complex onset in the word /ˈtʰɾũ̶-ta/. Finally, there are six words in the 
/kʰ/ set. In the first four the target segment is in an unstressed syllable. The last two 
have the target segment in a stressed syllable. In this set /kʰ/ is in a complex onset in 
the word /kʰɾĩˈʧa-ta/. 
Table 5 shows the words in which the unaspirated stops /p/ and /t/ are in word-
initial position. The velar stop /k/ does not occur in word-initial position. 
                                              
20 Later Chaz Mortensen (p.c.) provided several other words where initial /pʰ/ would 
occur in a stressed syllable: /pʰe/ ‘collect’, /pʰo/ ‘spread, scatter’, /pʰõ/ ‘make a palm 
floor’. Unfortunately I had already finished the recording process and had no access to 
the Katío speakers. 
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Table 5. Words with unaspirated stop in word-initial position 
/pakʰuˈɾu-ta/ [pakʰuˈɾuta]~ [bakʰuˈɾuta] ‘tree/trunk’ 
/piˈka-ta/ [piˈkata]~ [biˈgata] ‘good/fine’ 
/põpõˈɾa-ta/ [põᵐbõˈɳãta]~[bõᵐbõˈɳãta] ‘owl’ 
/poɾekeˈa-ta/ [poɾekeˈata]~ [boɾegeˈata] ‘something ripe’ 
/puˈda-ta/ [puˈdata]~ [buˈdata] ‘hair’ 
/p/ 
/ˈpe-ta/ [ˈpeta]~ [ˈbeta] ‘corn’ 
/taˈbu-ta/ [taˈbuta]~ [daˈbuta] ‘eye’ 
/taˈʤi-ta/ [taˈʤita]~ [daˈʤita] ‘our’ 
/taˈma-ta/ [taˈmãta]~ [daˈmãta] ‘snake’ 
/taˈtʰɾu-ta/ [taˈtʰɾuta]~ [daˈtʰɾuta] ‘forehead’ 
/tokoˈa-ta/ [tokoˈata]~ [dogoˈata] ‘gone’ 
/tɾũ̶ˈtau̶-ta/ [tɾũ̶ˈⁿtau̶ta]~ [dɾũ̶ˈⁿdau̶ta] ‘by the house beam’ 
/t/ 
/ˈte-ta/ [ˈteta]~ [ˈdeta] ‘house’ 
 
Six words were chosen for initial /p/: five in an unstressed syllable and one in a 
stressed syllable. Seven words were chosen for initial /t/: six in an unstressed syllable 
(including the word /tɾũ̶ˈtau̶-ta/ in which the target sound is in a complex onset) and 
one in a stressed syllable. All target sounds in this set had an alternate voiced phonetic 
realization. 
Table 6 includes the words chosen with initial and medial voiced stops.  
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Table 6. Words with voiced stops 
/bakaˈɾa-ta/ [bakaˈɾata]~ [baɡaˈɾata] ‘parrot’ 
/beˈko-ta/ [beˈkota]~ [beˈɡota] ‘avocado’ 
/biˈpa/ [biˈpa]~ [biˈba] ‘heal’ 
/#b/ 
/buˈke-ta/ [buˈketa]~ [buˈɡeta] ‘stool’ 
/ˈaba/ [ˈaba] ‘one’ 
/Vb/ 
/pakaba'ka-ta/ [pakaba'kata]~ [baɡaba'ɡata] ‘butterfly’ 
/hedeˈkho-ta/ [hedeˈkhota] ‘moon’ 
/phewede'a-ta/ [phewede'ata]  ‘sharp’ 
/ãkhiˈda-ta/ [ãkhiˈdata] animal’s rear’ 
/kʰu̶ˈda-ta/ [ku̶ˈdata] ‘floor’ 
/Vd/ 
/puˈda-ta/ [puˈdata] ‘hair’ 
 
The four words containing initial /b/ are in unstressed syllables. The only words I 
am aware of in which /b/ may occur in a stressed syllable are forms of the verb ‘to be’, 
taking no more than one or two suffixes, for example, /ˈb-u̶-de/ ‘be-PRES-LOC’ or /ˈb-u̶-a/ 
‘be-PRES-DECL’. The Katíos felt that neither of these made any sense in the sentential 
frame. For /b/ in word-medial position it was difficult to find words containing the 
target sound due to its very restricted distribution. For medial /d/ five words were 
chosen: two in unstressed syllables and three in stressed syllables. 
Table 7 lists the words in which /pʰ/, /tʰ/, and /kʰ/ are in word-medial position.  
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Table 7. Words with aspirated stops in word-medial position 
/hiˈta-pʰe/ [hiˈtapʰe] ‘grab, take with an instrument’ 
/ˈkʰõ-pʰe/ [ˈkʰõᵐpʰe] ‘cut with an instrument’ 
/pʰepʰeˈna-ta/ [pʰepʰeˈnãta] ‘fan’ 
/ˈẽ-pʰe/ [ˈẽᵐpʰe] ‘pull out of the earth with an instrument’  
/pʰ/ 
/eˈpʰa/ [eˈpʰa] ‘peal’ 
/ãˈtha-ta/ [ãˈⁿthata] ‘palm tree’ 
/taˈtʰɾu-ta/ [taˈtʰɾuta] ‘forehead’ /tʰ/ 
/tʰoˈtʰo-pe/ [tʰoˈtʰope] ‘leave at own’s accord’ 
/ãkʰiˈda-ta/ [ãᵑkʰiˈdata] ‘animal’s rear’ 
/bakʰaˈɾa-ta/ [bakʰaˈɾata] ‘thigh’ 
/ẽkʰaˈra-ta/ [ẽᵑkʰaˈrata] ‘one’s back’ 
/ʤumakʰiˈɾã-ta/ [ʤumãkʰĩˈɳãⁿta] ‘man’ 
/pakʰuˈɾu-ta/ [pakʰuˈɾuta] ‘tree, trunk’ 
/poɾekʰeˈa-ta/ [poɾekʰeˈata] ‘something ripe’ 
/beˈkʰa-ta/ [beˈkʰata] ‘corn tortilla’ 
/ʤiˈkʰo-ta/ [ʤiˈkʰota] ‘food’ 
/hedeˈkʰo-ta/ [hedeˈkʰota] ‘moon’ 
/iɾaˈkʰa-ta/ [iɾaˈkʰata] ‘type of palm tree’ 
/oˈkʰa-ta/ [oˈkʰata] ‘tied beads’ 
/pedea saˈkʰe-ta/ [pedea saˈkʰeta] ‘small word’ 
/pʰaˈkʰa-ta/ [pʰaˈkʰata] ‘cow’ 
/kʰ/ 
/soˈkʰo-ta/ [soˈkʰota] ‘vase’ 
 
There are four words with /pʰ/ in unstressed syllables, and one with /pʰ/ in a 
stressed syllable. In this set there are two words in which /pʰ/ is preceded by a nasal 
vowel: /ˈkʰõ-ᵐpʰe/ and /ˈẽ-ᵐpʰe/. In both words the target sound is in an unstressed 
syllable. 
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For /tʰ/ three words were chosen. In all three /tʰ/ is in a stressed syllable. In the 
word /ãˈtha-ta/, the target sound is preceded by a nasal vowel; in the word /taˈtʰɾu-ta/, 
the target sound is in a complex onset; and in the word /tʰoˈtʰo-pe/, the target sound is 
in a simple onset and is preceded by an oral vowel. For /kʰ/ fourteen words were 
selected: six contain the target sound in unstressed syllables and eight have it in stressed 
syllables. In the unstressed group, there are two words in which the target sound is 
preceded by a nasal vowel: /ãkʰiˈda-ta/ and /ẽkʰaˈra-ta/. 
Table 8 lists the words chosen for unaspirated stops in word-medial position.  
Table 8. Words with unaspirated stops in word-medial position 
/ĩpiˈɾa-ta/ [ĩᵐpiˈɾata]~ [ĩᵐbiˈɾata] ‘lamp’ 
/põpõˈɾã-ta/ [põpõˈɾãta]~ [bõbõˈɾãta] ‘owl’ 
/ãˈpa/ [ãˈᵐpa]~ [ãˈᵐba] ‘together’ 
/biˈpa/ [biˈpa]~ [biˈba] ‘heal’ 
/sũpiˈpi-ta/ [sũᵐpiˈpita]~ [sũᵐbiˈbita] ‘turkey’ 
/p/ 
/tʰu̶ˈpu̶-ta/ [tʰu̶ˈpu̶ta]~[tʰu̶ˈbu̶ta] ‘firewood’ 
/pʰiˈɾatru̶/ [pʰiˈɾatru̶]~ [pʰiˈɾadru̶] ‘stand’ 
/beˈta-ta/ [beˈtata]~ [beˈdata] ‘fish’ 
/hiˈta-pʰe/ [hiˈtapʰe]~ [hiˈdapʰe] ‘grab/take with an instrument’ 
/pʰaˈta-ta/ [pʰaˈtata]~ [pʰaˈdata] ‘plantain’ 
/t/ 





Table 8 cont. 
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/beˈko-ta/ [beˈkota]~ [beˈɡota] ‘avocado’ 
/buˈke-ta/ [buˈketa]~ [buˈɡeta] ‘stool’ 
/oˈka-ta/ [oˈkata] ~[oˈɡata] ‘a noise’ 
/pʰõˈka-ta/ [pʰõˈᵑkata]~ [pʰõˈᵑɡata] ‘gun, rifle’ 
/piˈka-ta/ [piˈkata]~ [biˈɡata]  ‘good, fine’ 
/ũɾãˈka-ta/ [ũɳãˈᵑkata]~ [ũɳãˈᵑɡata] ‘a teaching’ 
/bakaˈɾa-ta/ [bakaˈɾata]~ [baɡaˈɾata] ‘parrot’ 
/ekoˈɾo-ta/ [ekoˈɾota]~ [eɡoˈɾota] ‘earth’ 
/mõkaˈɾa-ta/ [mõᵑkaˈɾata]~ [mõᵑɡaˈɾata] ‘stone, rock’ 
/oɾekeˈa-ta/ [oɾekeˈata]~ [oɾeɡeˈata] ‘gone sour’ 
/su̶ku̶ˈa/ [su̶ku̶ˈa]~ [zu̶ɡu̶ˈa] ‘wash’ 
/k/ 
/tokoˈa-ta/ [tokoˈata]~ [doɡoˈata] ‘gone’ 
 
Six words were chosen for medial /p/, two in unstressed syllables and four in 
stressed syllables. In these six words there are three in which the target sound is 
preceded by a nasal vowel: /ĩpiˈɾa-ta/, /põpõˈɾã-ta/, and /ãˈpa/. Five words were chosen 
for medial /t/, one in which the target sound occurs in unstressed syllables and four in 
which it occurs in stressed syllables. In /pʰiˈɾatɾu̶/ the target sound is in a complex 
onset. In /tɾũ̶ˈtau̶-ta/ it is preceded by a nasal vowel. Twelve words were chosen for 
medial /k/, six with the target sound in unstressed syllables, and six with it in stressed 
syllables. Medial /k/ is preceded by a nasal vowel in /ũɾãˈka-ta/, /pʰõˈka-ta/ and 
/mõkaˈɾa-ta/. 
The 62 words used in this research contain 87 occurrences of the target sounds. A 
total of 2,600 tokens were analyzed. 
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2.3 The recording process 
Data were recorded on location in Colombia in four sessions. Due to political unrest 
in the Katío area, the dates were changed several times, but eventually I was able to 
have the four sessions and record the necessary data between August 2010 and January 
2012. Data recorded in 2010 was used in a pilot study that led to my initial thesis 
proposal and was not used for the analysis presented here. The recordings done in 2011 
and 2012 followed the procedures that I explain in this section. 
I used a TASCAM DR1 recorder which produced 48kHz 24-bit recordings in WAV 
file format. I used an external Pro MM-PSM 1020 ear set microphone by MMAudio, 
which helped reduce background noise and increased the quality of the recording.  The 
boom mic was placed at about one and a half inches from the mouth.  
Each speaker pronounced a series of sixty-one target words embedded in a constant 
sentential frame: ‘X said Y’. Katio is an SOV language and it shows ergative-absolutive 
case marking as shown in (18). This frame was used with the fifty target words which 
are nouns. 
(18) /zaɾipu̶mã-pa  pʰakʰa-ta haɾa-si-a/ 
 
Zaripu̶mã-ERG cow-ABS say-PAST-DCL 
 
‘Zaripu̶ma said “cow”.’ 
Verbs in the target Y slot do not take absolutive marker. In our data most carry either 
the instrument marker /-pʰe/ or the volition marker /-pe/. I provide one example in 
(19).  
27 
(19) /zaɾipu̶mã-pa  tu-pʰe haɾa-si-a/ 
 
Zaripu̶mã-ERG chop-INSTR say-PAST-DCL 
 
‘Zaripu̶ma said “chop (with an instrument)”.’ 
 
Adjectives, adverbs and some verbs do not carry any marker, as shown in (20). 
(20) /zaɾipu̶mã-pa aba haɾa-si-a/ 
 
Zaripu̶mã-ERG one say-PAST-DCL 
 
‘Zaripu̶ma said “one”.’ 
Before data collection commenced, the task was explained to the participants and 
they were given the opportunity to ask questions.  
In each recording session, a printed copy with sixty-one sentences was given to 
each speaker. The list contained an additional pair of filler sentences placed one at the 
beginning and one at the end to ensure naturalness in the production of the target 
sounds. 
The sentential frame was written on a whiteboard, with a blank for the target word. 
The speakers practiced saying the sentences as I placed pictures of the target word in 
the blank. They also practiced with printed copies of the sentences, and then again 
looking at the paper as little as possible. During the recording process they occasionally 
read from the paper to confirm what was to be recorded. 
The order of the sentences in the paper copies given to the participants was varied 
to avoid unnatural intonation and to control for adjacency effects. Tokens with long 
pauses due to hesitation in the production were excluded. If the problem was noticed 
during the recording session, the participant was asked to repeat the sentence. Each 
speaker recorded six lists containing the sentences with the target words. The recorded 
data was stored on an SD memory card. 
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The procedure to record the last seven sentences was the same but with four 
repetitions instead of six. 
2.4 Analytical procedures 
To analyze the data, I worked on a copy of the sound files stored on the hard drive, 
leaving the original recording untouched. The copy was edited to eliminate prolonged 
silences and noise between utterances. The utterances were then analyzed acoustically 
using the computer program Praat (Boersma & Weenink 2010). 
To determine the acoustic qualities of Embera Katío stops I focused on formant 
onset time (hereafter FOT), burst, duration, and pre-voicing. These four variables can be 
defined by examining the partially voiced stop in Figure 3.  
 
Figure 3. Boundaries on a partially voiced stop 
Points A through E mark the five boundaries used to define the acoustic variables. Point 
A is the beginning of the closure. Point B is the beginning of pre-voicing. Point C is the 
release of the closure and simultaneously the beginning of the burst. Point D is the end 
of the burst. Point E is the end of the stop and the beginning of the second formant of 
the following sound. 
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Duration is measured from A to C, pre-voicing from C to B, the burst is C to D, and FOT 
is C to E. This means that duration (AC) includes pre-voicing (BC), and FOT (CE) 
includes the burst (CD).  
Figure 4 shows the boundaries for a fully voiced stop. 
 
Figure 4. Boundaries of a fully voiced stop 
In fully voiced stops, such as the one in Figure 4, point A is the same as point B; 
therefore, duration and pre-voicing have the same value measured from A to C. 
Figure 5 shows the boundaries for a voiceless stop.  
 
Figure 5. Boundaries of a voiceless stop 
In voiceless stops there is no point B because there is no pre-voicing. The onset of 
voicing starts with the release of the closure (the burst). For this reason I only measure 
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duration (A-C), the burst (C-D), and FOT (C-E); pre-voicing is ‘0’ for these segments. For 
voiceless sounds FOT is the same as the more usual VOT (Voicing Onset Time).  
The reason for using FOT instead of the more usual VOT, and the relationship 
between FOT and VOT, need to be explained. Voiced stops have negative VOT (which 
in this paper is called pre-voicing), while voiceless stops have positive VOT; therefore, 
they cannot be used to compare the gap between the beginning of the burst and the 
onset of the following sound. I am using the parameter FOT, instead of VOT, because 
FOT allows me to compare the same interval for voiced and voiceless stops. FOT starts 
with the release of the closure and ends where the second formant in the spectrogram is 
visible, thus the name Formant Onset Time. 
Following Ladefoged (2003), I used spectrograms in conjunction with waveforms to 
determine the boundaries. Boundaries were primarily determined by the change of 
frequency in an expanded waveform, with the second formant being used to help 
determine the beginning and the end of the stops. Boundaries were placed at the zero 
crossings. Not all the boundaries were easy to determine. In some cases I had to use a 
combination of impressionistic listening, observation of the spectrogram and 
observation of the waveform. Falling or rising intensity was also observed.  
In some cases, even though the target words were embedded in a sentential frame, 
duration and pre-voicing were difficult to determine for target sounds in word-initial 
position. This was mainly due to the fact that the speakers paused before pronouncing 
the target word. In those cases I decided not to count the results for duration and/or 
pre-voicing. 
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2.4.1 Cases of Lenition 
Lenition is a common phenomenon in the Embera Katío language. Our analysis 
shows two processes: voicing and fricativization. In both cases, the realizations have 
been treated as a variant and the results have been analyzed separately. 
2.4.2 Cases of Speaker Error 
Though few, there were cases in which the speaker made a mistake in the 
production of the target word. Saying a different word, stuttering, stumbling or pausing 
in the middle of the production of a word have been considered speaker errors and the 
tokens have been disregarded. 
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CHAPTER 3  
DATA RESULTS AND ANALYSIS 
This chapter presents the results of the analysis of the phonetic realizations of each 
target sound produced by the different speakers who participated in the research. In 
each subsection, I first provide the averages and standard deviations for Formant Onset 
Time (FOT), burst, duration, and pre-voicing, then I discuss the degree of influence of 
neighboring segments and stress, as well as that of differences between speakers. I 
verify the validity of my observations with t-tests and provide evidence of patterns that 
corroborate a three-way classification of the stops. 
As mentioned before, tokens were selected following Mortensen’s  classification of 
stops: aspirated, constricted and voiced; at the bilabial, alveolar and velar points of 
articulation, although the results of the acoustic analysis indicate that Mortensen’s 
constricted set is better labeled as unaspirated. 
The results for each segment are discussed separately in the following subsections. 
Six of the eight segments occur in word-initial position. The only ones that do not occur 
in this position are unaspirated /k/ and voiced /d/. Results for the six segments that do 
occur word-initially are presented in sections 3.1 through 3.3. All eight segments can 
occur word-medially. Results for the segments in medial position are presented in 
sections 3.4 through 3.6. 
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3.1 Word-Initial Aspirated Stops 
All three aspirated stops can occur in word-initial position. Each is presented in a 
separate subsection. I show that nasality, stress and speaker difference influence the 
behavior of the target segment. 
3.1.1 Voiceless bilabial aspirated stop /pʰ/ in word-initial position 
In this section the focus is on the voiceless bilabial aspirated stop /pʰ/ in word-
initial position. Each target segment in this data set is in an unstressed syllable. There 
are four cases of fricativization to [ɸ], three by S3 and one by S4. The results for these 
tokens have been excluded from the analysis. Table 9 shows that FOT is longer when 
the target sound /pʰ/ is followed by a nasal vowel as in /pʰõˈka-ta/ (shaded in grey). As 
expected in voiceless sounds, there is no pre-voicing. 
Table 9. Word-Initial Voiceless Bilabial Aspirated Stop /pʰ/ 
 FOT Burst Duration Pre-Voicing 
word mean n sd mean n sd mean n sd mean n sd 
pʰaˈkʰa-ta 29.3 29 8.3 5.9 29 1.4 86.8 20 30.4 0.0 29 0 
pʰa ˈpʰa-ta 23.9 30 8.0 5.3 30 1.2 71.6 25 32.0 0.0 30 0 
pʰa ˈta-ta 27.6 30 10.1 5.9 30 1.7 87.9 23 24.9 0.0 30 0 
pʰepʰeˈna-ta 24.6 29 7.3 5.2 29 1.4 55.9 21 25.7 0.0 29 0 
pʰewedeˈa-ta 26.6 29 7.2 5.3 29 1.9 91.8 24 35.0 0.0 29 0 
pʰiˈɾatɾu 30.4 30 5.4 5.4 30 1.4 62.8 23 23.8 0.0 30 0 
pʰõˈka-ta 36.7 29 11.3 5.1 29 1.2 67.9 25 23.0 0.0 29 0 
overall 28.4 207 9.2 5.4 207 1.5 74.9 161 30.4 0.0 207 0  
In this set of data /pʰõka/ is the only word that has a nasal vowel following the target 
sound. FOT for /pʰ/ preceding a nasal vowel is 36.7 ms, which is at least 6 ms longer 
than the means for /pʰ/ followed by an oral vowel. The relationship of FOT and of 
duration to the nasality of the following vowel is shown in Table 10 comparing the 
values for /pʰ/ before a nasal vowel in /pʰõka/ with the mean of the values for all 
occurrences of word initial /pʰ/ preceding oral vowels. 
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Table 10. Contrasting FOT for initial /pʰ/ before oral and nasal vowels 
FOT Duration 
 
mean n sd mean n sd 
oral 27.1 177 8.1 76.2 136 31.5 
nasal 36.7 29 11.3 67.9 25 30.4  
Table 10 shows that nasality correlates with longer FOT and shorter duration. T-tests on 
these acoustic parameters reveal that nasality is a significant factor for longer FOT 
(P=0.0001), but it is not significant for duration (P=0.2105).  
The findings for initial /pʰ/ can be summarized as follows: 
• A following nasalized vowel correlates with longer FOT. 
3.1.2 Voiceless alveolar aspirated stop /tʰ/ in word-initial position 
In this section the focus is on the voiceless alveolar aspirated stop /tʰ/ in word-
initial position. The target sound is in unstressed syllables in the first three words in 
Table 11. The target sound in the last two words (highlighted in grey) is in a stressed 
syllable. When followed by an oral vowel, the duration for /tʰ/ is generally greater in 
stressed syllables than in unstressed syllables. In stressed syllables, FOT, burst and 
duration are lower when /tʰ/ is in a complex onset followed by a nasal vowel.  
Table 11. Word-initial Voiceless Alveolar Aspirated Stop /tʰ/ 
 FOT Burst Duration Pre-Voicing 
word mean n sd mean n sd mean n sd mean n sd 
tʰaˈʧi-ta 24.5 30 4.6 6.8 30 1.5 113.8 20 20.1 0 30 0 
tʰoˈtʰo-pe 23.5 30 3.7 7.0 30 1.1 121.8 26 23.3 0 30 0 
tʰu̶ˈpu̶-ta 26.2 30 6.8 7.7 30 1.2 120.7 23 21.0 0 30 0 
ˈtʰu-pʰe 23.0 30 5.9 7.6 30 1.1 136.9 28 18.5 0 30 0 
ˈtʰɾũ̶-ta 22.0 30 5.1 6.9 30 1.4 122.6 24 18.4 0 30 0 
overall 23.8 150 5.4 7.2 150 1.3 123.9 121 21.5 0 150 0  
Duration is longer and FOT is shorter in stressed syllables. However, the two words in 
which /tʰ/ is in a stressed syllable need to be analyzed separately due to the fact that in 
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/ˈtʰu-pʰe/ the target sound is in a simple onset and is followed by an oral vowel, while 
in /ˈtʰɾũ̶-ta/ the target sound is part of a complex onset and is followed by a nasal 
vowel. Therefore, Table 12 compares the target sound in unstressed and stressed 
syllables only when in a simple onset followed by an oral vowel. 
Table 12. Initial /tʰ/ in unstressed or stressed syllable followed by oral vowel 
 FOT Burst Duration 
unstressed 24.7 7.2 119.1 
stressed 23.0 7.6 136.9 
P 0.1323 0.1203 0.0003  
This table shows that FOT is longer in unstressed syllables, while burst and duration are 
shorter. Two-tailed t-tests reveal that the difference is only significant for duration 
(P=0.0003). This allows us to claim that /tʰ/ in word-initial position has longer 
duration in a stressed syllable than in an unstressed syllable, at least when followed by 
an oral vowel. There are no words in the data with /tʰ/ in word-initial position followed 
by a nasal vowel. Therefore, I cannot contrast the influence of oral and nasal 
environments. 
In Table 13 I compare the two words in which /tʰ/ is in a stressed syllable. The /tʰ/ 
is a simple onset in /ˈtʰu-pʰe/ and is part of a complex onset in /tʰɾũ̶ta/. 
Table 13. Stressed initial /tʰ/ in a single or complex onset 
  FOT Burst Duration 
/ˈtʰu-pʰe/ 23.0 7.6 136.9 
/ˈtʰɾũ̶ta/ 22.0 6.9 122.6 
P 0.4824 0.0554 0.0076  
The segment /tʰ/ in /ˈtʰu-pʰe/ has longer FOT, longer burst and longer duration. Even 
though I are only comparing two words with 30 tokens for each, the difference is 
significant for duration (P=0.0076), and could be significant for burst (P=0.0554). The 
results for burst need to be confirmed using more tokens in similar environments. 
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The findings for initial /tʰ/ can be summarized as follows: 
• Stress significantly correlates with longer duration. 
• Duration is significantly longer in a simple onset. 
• Burst is longer when /tʰ/ is in a simple onset, although the difference is only 
marginally significant (P=0.0554). 
3.1.3 Voiceless velar aspirated stop /kʰ/ in word-initial position 
In this section I focus on the voiceless velar aspirated stop /kʰ/ in word-initial 
position. There are sixteen cases of fricativization to [x], twelve by S1, two by S2, and 
two by S4. Eleven instances of fricativization take place when the target sound is in a 
stressed syllable, five in an unstressed syllable. There are two cases of speaker error, 
both by S4. These eighteen tokens have been excluded from the statistical analysis.  
In Table 14 the target sound is in an unstressed syllable in the first four words, and 
in a stressed syllable in the last two (highlighted in grey). In the word /kʰɾĩˈʧa-ta/ (at 
the top of the table), /kʰ/ is in a complex onset, so it must be analyzed separately. The 
word /kʰewaˈɾa-ta/ bears stress on a syllable not adjacent to the target sound and is the 
only word with this characteristic, so it is also analyzed separately. The FOT is longer in 
unstressed syllables, while duration is longer in stressed syllables.  
Table 14. Voiceless velar aspirated stop /kʰ/ in word-initial position 
 FOT Burst Duration Pre-Voicing 
word mean n sd mean n sd mean n sd mean n sd 
kʰɾĩˈʧa-ta 38.3 30 7.7 5.8 30 1.9 111.9 19 37.1 0 30 0 
kʰewaˈɾa-ta 45.5 30 9.4 5.9 30 1.4 128.5 19 27.9 0 30 0 
kʰaˈja-ta 59.1 25 9.5 5.5 25 1.3 111.7 20 33.7 0 25 0 
kʰu̶ˈda-ta 56.0 29 9.9 7.1 29 2.0 116.7 19 36.1 0 29 0 
ˈkʰaũ̶-ta 45.3 25 11.0 6.3 25 1.5 139.1 20 28.9 0 25 0 
ˈkʰõ-pʰe 44.8 23 10.8 5.7 23 1.5 130.2 17 21.1 0 23 0 
overall 48.0 162 11.9 6.1 162 1.7 122.9 114 32.5 0 162 0   
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The target sound /kʰ/ in /kʰɾĩˈʧa-ta/ is in a complex onset in an unstressed syllable. 
When compared with /kʰaˈja-ta/ and /kʰu̶ˈda-ta/, in which /kʰ/ is also in an unstressed 
syllable, FOT in /kʰɾĩˈʧa-ta/ is at least 18 ms shorter. Running a t-test between the 
overall mean for the target sound in /kʰaˈja-ta/ and /kʰu̶ˈda-ta/ against the mean for 
/kʰɾĩˈʧa-ta/, I find that the difference is in fact significant for FOT (P=0.0001). I 
therefore posit that word-initial /kʰ/ has a shorter FOT in an unstressed complex onset 
than in an unstressed simple onset.  
The word /kʰewaˈɾa-ta/ has penultimate stress, and stress is one syllable away from 
the target sound /kʰ/. FOT is shorter and duration is longer in this environment than 
when stress is on the syllable immediately following the target sound. Comparing the 
overall mean for /kʰaˈja-ta/ and /kʰu̶ˈda-ta/ against that of /kʰewaˈɾa-ta/, the difference 
is only significant for shorter FOT (P=0.0001). 
Table 15 compares initial /kʰ/ in unstressed syllables (/kʰaˈja-ta/ and /kʰu̶ˈda-ta/) 
and stressed syllables (/kʰaũ̶-ta/ and /ˈkʰõ-pʰe/). Even though /kʰ/ in /ˈkʰaũ̶-ta/ is 
followed by an oral vowel, and /kʰ/ in /ˈkʰõ-pʰe/ is followed by a nasal vowel, the 
difference in acoustic parameters is minimal. Comparing the target sound in stressed 
and unstressed syllable, I show there are significant differences for FOT and duration. 
Table 15. Initial /kʰ/ in stressed and unstressed syllable 
 FOT Duration 
unstressed 57.4 114.1 
stressed 45.1 135.0 
P = 0.0001 0.0039  
FOT of initial /kʰ/ in stressed syllables is 12.3 ms shorter than in unstressed syllables. A 
two-tailed t-test reveals that the difference is significant for FOT (P=0.0001). Duration 
of initial /kʰ/ in stressed syllables is 20.9 ms longer than in unstressed syllables. This 
difference is also significant (P=0.0039). Therefore I posit that word-initial /kʰ/ has 
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shorter FOT and longer duration in stressed syllables, except when the target sound is in 
a complex onset as in /kʰɾĩˈʧa-ta/. For complex onsets, FOT is shorter in stressed 
syllables than in unstressed ones. 
The findings for initial /kʰ/ can be summarized as follows: 
• Stress correlates with significantly longer duration. 
• Stress correlates with significantly shorter FOT. 
• Stress correlates with shorter FOT when /kʰ/ is in a complex onset. 
3.2 Word-Initial Unaspirated Stops 
Two of the three unaspirated stops, /p/ and /t/, occur in word-initial position. The 
results for each of these are presented in separate subsections. There is great variation 
in the production of these segments. A preceding nasal, stress and speaker difference 
influence their realization. 
3.2.1 Voiceless bilabial unaspirated stop /p/ in word-initial position 
In this section I focus on the voiceless bilabial unaspirated stop /p/ in word-initial 
position. This target sound was produced alternating from [p] to [b], in which [b] could 
be fully or partially voiced. I use the IPA subscript wedge diacritic to indicate that the 
symbol represents a sound that is to some extent voiced. Pullum & Ladusaw (1996:260) 
note that, “… [s] might be used to denote [z]… where the s-sound was to some extent 
voiced…”. They also indicate that “diacritics may be placed above a symbol with a 
descender” (Pullum & Ladusaw 1996:306). Therefore, partially voiced /p/ is 
represented as [p̌]. There were five cases of fricativization to [β], four for the word 
/põpõˈɾa-ta/ and one for the word /ˈpe-ta/. These tokens have not been included in the 
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statistical analysis. The waveforms in Figure 6 through Figure 8 illustrate the different 
variants in the production of /p/. I have chosen to illustrate all three variants with the 
word /pika-tʰa/.  
Figure 6 shows /p/ produced as [p] by S3, where pre-voicing is zero. 
 
Figure 6. Waveform for [p] in /pika/ by S3 
A flat or nearly flat waveform coincides with the fact that the segment 
impressionistically sounds like a voiceless [p]. A sharp high frequency burst can be 
observed, followed by the release into the next vowel. The segment marked A indicates 
duration. There were other instances in the data in which initial /p/ was produced as 
[p] and the waveform was not completely flat, but it was almost flat and aperiodic. 
Figure 7 illustrates /p/ produced as a fully voiced [b] in the same word /piˈka-ta/ 
by S4. Duration and pre-voicing (marked A-B) have the same value. 
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Figure 7. Waveform for [b] in /pika/ by S4 
This is a case of a fully voiced [b], with a visible burst of low frequency energy and 
then the release into the vowel.  
Figure 8 shows initial /p/ produced as a partially voiced [p̌] by S1. Duration 
(marked A) and pre-voicing (marked B) have different values; while pre-voicing and 
duration end at the burst, sometimes pre-voicing begins with the closure and sometimes 
it begins part-way through the duration. In all cases where pre-voicing begins 
simultaneously with duration it drops out before the release. Even though this is a 
voiced sound, I call this variant [p̌] to indicate that voicing is not complete. 
 
Figure 8. Waveform for [p̌] in /pika/ by S1 
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In this case, the waveform is somewhat voiced, but drops in intensity to an almost flat 
line and then, about two thirds the duration, it becomes a periodic wave which ends in 
a barely visible burst. This periodic portion of the wave (marked B) is counted as pre-
voicing. 
The production of word-initial /p/ is influenced by speaker difference. Figure 9 
shows the alternations of [p], [b] and [p̌] for the target sound as realized by the 
different speakers. Notice that S1 and S4 are adjacent, followed by S2, S3 and S5. 
 
Figure 9. Variants of word-initial /p/ by speaker 
This bar chart shows that S1 and S4 produced the target sound most commonly as 
voiced, but S1 realized it as partially voiced, while S4 produced it as fully voiced. On 
the other end of the graph, S5 produced the target sound most commonly as voiceless, 
while S3 split his production between voiceless and partially voiced. The results for S2 
show more variation, but if his results for [b] and [p̌] are combined, it can be seen that 
his production is mostly voiced.  
Table 17 shows the variation by word. The first five words contain the target sound 
in unstressed syllables. The last one (highlighted in gray) has initial /p/ in a stressed 
syllable. 
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Table 16. Variants of initial /p/ by word 
word p b p̌ 
pakʰuˈɾu-ta 10 10 10 
poɾekʰeˈa-ta 7 10 13 
põpõˈɾã-ta 2 24 0 
piˈka-ta 16 8 6 
puˈda-ta 7 7 16 
ˈpe-ta 8 3 18 
Total 50 62 63  
In this set of data word-initial /p/ is realized as partially voiced in 63 of the 180 
repetitions. Voiceless [p] is produced 50 times, and the fully voiced [b] is produced 62 
times. The /p/ in /piˈka-ta/ is voiceless in over half of the repetitions, while it is almost 
always voiced in all other words. In stressed syllables /p/ was almost always produced 
partially voiced.  
Table 17 shows the four acoustic parameters of each of the three variants of /p/ in 
both unstressed and stressed syllables.  
Table 17. Voiceless bilabial unaspirated stop /p/ in word-initial position 
FOT Burst Duration Pre-Voicing  
mean n sd mean n sd mean n sd mean n sd 
unstressed 12.1 59 4.9 3.9 59 0.9 91.3 56 30.9 91.3 56 30.9 
stressed 9.0 3 1.0 3.7 3 0.6 164.3 3 25.4 164.3 3 25.4 b 
P(2) 0.2852  0.0002 0.0002 
unstressed 10.5 45 2.7 4.2 45 0.8 175.6 26 38.9 56.9 43 25.2 
stressed 10.2 18 2.3 4.2 18 0.8 219.9 10 39.7 106.6 17 52.1 p̌ 
P(2)   0.0046 0.0001 
unstressed 14.3 42 3.3 4.1 42 0.8 136.8 36 34.5 0 42 0 
stressed 11.8 8 1.9 4.5 8 0.9 165.6 7 23.0 0 8 0 p 
P(2) 0.0405 0.2847 0.0413   
When the target sound is realized as a fully voiced [b], FOT is shorter in stressed 
syllables; duration and pre-voicing are much longer in this environment. Even though 
there are only three tokens in stressed syllables, duration and pre-voicing are 
significantly longer in a stressed syllable than in an unstressed one (P=0.0002).  
43 
When initial /p/ is realized as the partially voiced [p̌], FOT and burst are basically 
the same. Duration and pre-voicing are significantly longer in a stressed syllable than in 
an unstressed one. 
When the target sound is realized as [p], FOT is significantly shorter in a stressed 
syllable (P=0.0405). Duration is significantly longer in a stressed syllable than in an 
unstressed syllable (P=0.0413). As expected for voiceless sounds, there is no pre-
voicing. 
The findings for initial /p/ can be summarized as follows: 
• For [b], duration and pre-voicing are longer in a stressed syllable. 
• For [p̌], duration and pre-voicing are longer in a stressed syllable. 
• For [p], FOT is shorter and duration is longer in a stressed syllable. 
3.2.2 Voiceless alveolar unaspirated stop /t/ in word-initial position 
In this section I focus on the voiceless alveolar unaspirated stop /t/ in word-initial 
position. I first discuss the three variants: [t], a fully voiced [d] and a partially voiced 
[t]̬.21 Then I present the values of FOT, burst, duration and pre-voicing for each of these, 
showing that stress significantly affects most of the values. 
Word initial /t/ is realized as [d], [t]̬, and [t]. The waveforms and spectrograms in 
the following figures show /t/ in the word /ˈte-ta/ produced as each of the three 
variants mentioned above. In Figure 10 initial /t/ is realized as the fully voiced [d] by 
S1. 
                                              
21 Following the convention discussed in section 3.2.1 for the representation of the 
partially voiced [p̌], I represent the partially voiced alveolar stop as [ t ̬] 
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Figure 10. Initial /t/ realized as [d] 
In this figure a periodic waveform can be observed, as well as constant pitch and pulses. 
There is a clear burst identifiable both in the waveform and in the spectrogram.  
Figure 11 shows initial /t/ realized as a partially voiced [t]̬. 
 
Figure 11. Initial /t/ realized as [t]̬ 
At the beginning of the waveform we see that voicing from the preceding vowel 
decreases to a flat line and then a period of voicing starts at about half way through the 
duration. This voicing is reflected as a periodic waveform as well as in the presence of 
pitch and pulses. The amplitude decreases before the burst and then picks up at the 
release of the following vowel. Burst is also identifiable in the waveform and in the 
spectrogram. 
Figure 12 shows the variant [t] produced with no pre-voicing, reflected in a flat 
waveform before the burst. 
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Figure 12. Initial /t/ realized as [t] 
In this figure there is a break in pitch and pulses, and a clear decrease in the intensity 
line. Then comes the burst, a short period in which voicing is absent. Voicing resumes 
at the release into the following vowel. 
We find that speaker difference is a key factor for explaining the great variation in 
the realization of the target sound. The following chart shows the distribution of 
variants by speaker. 
 
Figure 13. Alternations of word-initial /t/ by speaker 
Figure 13 reveals that S1 and S4 voice the target sound more frequently than they 
produce it voiceless, but, while S1 realizes the target sound partially voiced in 29 of the 
42 repetitions, S4 produces it fully voiced in 34. This contrasts with the results for S5 
and S3, who show a clear tendency to produce the target sound as unvoiced [t]. S2 falls 
right in between with 22 repetitions as [t] and 20 as the voiced variants combined. 
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Seven words were chosen for word-initial unaspirated /t/. In the first six the target 
sound is in an unstressed syllable. The target sound is in a stressed syllable in only one 
word: /ˈte-ta/. There is also one word, /tɾʉ̃'taʉ-ta/, in which the target sound is in a 
complex onset. The following table shows the distribution of voicing of the target sound 
by word. 
Table 18. Distribution of voicing by word 
Word voiceless voiced 
ta'ʤi-ta 15 15 
ta'ma-ta 16 14 
ta'pu-ta 14 16 
ta'tʰɾu-ta 10 20 
toko'a-ta 17 13 
tɾʉ̃'taʉ-ta 9 21 
ˈte-ta 11 19 
Total 92 118  
The overall results in Table 18 show that /t/ was realized with a slight tendency to 
voice the target sound: 118 tokens of a total of 210 are voiced. The unaspirated /t/ is 
realized as voiced in a majority of repetitions in four words: /ta'pu-ta/ and /ta'tʰɾu-ta/ 
(both in unstressed simple onsets), /tɾʉ̃'taʉ-ta/ (unstressed complex onset), and /ˈte-ta/ 
(stressed syllable). In the other three words the target sound is realized fairly evenly 
between voiced and voiceless.  
Considering the target sound was voiced in two different ways, I now show the 
specific distribution for [d] and [t]̬ by word. 
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Table 19. Distribution of voiced variants by word 
Word d t ̬
ta'ʤi-ta 80% 20% 
ta'ma-ta 64% 36% 
ta'pu-ta 50% 50% 
ta'tʰru-ta 40% 60% 
toko'a-ta 46% 54% 
tɾʉ̃'taʉ-ta 29% 71% 
ˈte-ta 37% 63% 
Overall 47% 53%  
Table 19 shows a slight overall tendency toward partial voicing (53% of the 118 
repetitions). Initial /t/ in the words /ta'ʤi-ta/ and /taˈma-ta/ tends to be fully voiced. 
In /taˈpu-ta/ the target sound is produced equally between fully voiced and partially 
voiced, and in all other words /t/ was realized most frequently as partially voiced.  
In Table 20 we observe the target sound in the different environments in which it is 
produced: stressed versus unstressed syllable, and whether it is in a simple or a complex 
onset. 
Table 20. Distribution of variants of initial /t/ 
stress onset d t ̬ t 
simple 29% 23% 48% 
Unstressed 
complex 20% 50% 30% 
stressed simple 23% 40% 37% 
Overall 27% 29% 44% 
 
This table shows that word-initial /t/ is realized as [t] in almost half of the repetitions 
when in unstressed simple onset (48%). The target sound surfaces most frequently as a 
partially voiced [t]̬ when in an unstressed complex onset (50%) as well as when in a 
stressed simple onset (40%).  
Table 21 shows the mean for FOT, burst, duration and pre-voicing in unstressed 
and stressed syllables, in simple and complex onsets. Although the target sound is in an 
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unstressed complex onset in only one word, /tɾʉ̃'taʉ-ta/, and the target sound is in 
stressed position in only the word /ˈte-ta/, I compare their averages with averages for 
the target sound in unstressed simple onset syllables in Table 21. 
Table 21. Means for variants of /t/ 
Variant stress onset FOT burst duration pre-voicing 
simple 8.7 3.9 118.4 118.4 
Unstressed 
complex 10.5 3.7 97.2 97.2 d 
Stressed simple 12.3 5.1 165.1 165.1 
simple 11.6 4.5 224.5 76.8 
Unstressed 
complex 11.1 4.7 219.9 90.5 t ̬
Stressed simple 16.3 6.1 245.6 111.2 
simple 15.5 4.6 118.5 0 
Unstressed 
complex 16.4 4.7 103.3 0 t 
Stressed simple 15.2 4.7 144.6 0  
Table 21 shows that when initial /t/ surfaces as [d] in a simple onset, the length of all 
four acoustic parameters is longer when the target sound is in a stressed syllable than 
when it is in an unstressed syllable. The difference is significant for all four: for FOT 
(P=0.0095), for burst (P=0.0081), for duration (P=0.0002), and for pre-voicing 
(P=0.0002). When [d] is in an unstressed syllable, in a complex onset, FOT is longer 
than in a simple onset. Even though the lengths for burst, duration and pre-voicing are 
shorter in a complex onset, the differences are not statistically significant. 
When initial /t/ is realized as the partially voiced [t]̬, the results are longer for all 
four acoustic parameters in stressed syllables than in unstressed syllables. The 
difference is significant for FOT (P=0.0001), for burst (P=0.0001), and for pre-voicing 
(P=0.0008), but not for duration (P=0.2982). The results for simple and complex 
onsets in an unstressed syllable are fairly similar and the minimal differences are not 
significant (P>0.05). 
When initial /t/ is realized as [t], stress correlates with longer FOT and longer 




The findings for initial /t/ can be summarized as follows: 
• Initial /t/ is produced with three alternations [t], [d], and [t]̬ 
• For [d], stress correlates with significantly longer FOT, longer burst, longer 
duration, and longer pre-voicing. 
• For [t]̬, stress correlates with significantly longer FOT, longer burst, and longer 
pre-voicing. Duration is also longer, but the difference is not statistically 
significant. 
• S1 tends to realize /t/ as [t]̬ 
• S4 tends to realize /t/ as [d] 
• S3 and S5 tend to realize /t/ as [t] 
• S2 produces /t/ most frequently as [t], but less frequently than S3 and S5. 
3.3 Word-Initial Voiced Stop 
The only voiced stop that occurs in word-initial position is /b/. Results for /b/ are 
presented in the following subsection.  
3.3.1 Voiced bilabial stop /b/ in word-initial position 
In this section I focus on the voiced bilabial stop /b/ in word-initial position. All 
the words in this data set have the target sound in an unstressed syllable. The target 
sound is realized in three different ways: voiced, devoiced, and fricativized. I have 
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chosen the IPA under-ring diacritic to indicate devoicing of the target sound.22 The three 
variants, then are represented as: [b], [b]̥ and [β]. The devoiced [b]̥ is perceived 
impressionistically as a voiced bilabial, but no prevoicing appears in the waveform. 
Figure 14 illustrates this. 
 
Figure 14. Waveform for Initial /b/ as [b]̥ in /bakaˈɾa/ 
For this initial /b/, after the release of the preceding vowel, there is some turbulence in 
the waveform, which seems to be carrying the voicing impressionistically perceived, 
then the amplitude comes down to almost zero, followed by the burst. In describing the 
presence versus the abscense of voicing, Baart (2010:91) explains that sometimes 
“periodicity may be completely absent during a certain plosive, while it may still be 
perceived as voiced.” 
There are twelve cases of devoicing to [b]̥, and 38 cases of fricativized [β], 30 of 
which are in the word /beˈko-ta/. There are also two cases of speaker error and those 
                                              
22 As Pullum & Ladusaw (1996:252) note, this is officially for segments that are fully 
voiceless. However, they also note it can be used for a stop “with the slack articulation 
of a voiced stop but lacking in voicing.” I am extending this to use with segments that 
are perceived as voiced but phonetically show no pre-voicing. 
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tokens have been disregarded. In this section I show that the behavior of /b/ is largely 
influenced by the following vowel and varies by speaker.  
The following table shows the distribution of the variants for initial /b/ by word. 
Table 22. Distribution of initial /b/ by word 
Word b b ̥ β 
bakaˈɾa-ta 20 3 5 
beˈko-ta 0 0 30 
biˈpa 23 5 2 
buˈke-ta 25 4 1 
Total 68 12 38 
 58% 10% 32%  
Table 22 shows that initial /b/ is most commonly realized as [b], with 58% of the 
repetitions, followed by [β] with 32%, and [b]̥ with 10%. The word most frequently 
fricativized is /beˈko-ta/; in fact, every repetition of /b/ in this word was fricativized. 
Excluding the word /beˈko-ta/, the distribution of devoicing and fricativization is as 
follows: there are instances of devoicing in every word of this data set, ranging from 
three instances for /bakaˈɾa-ta/ to five instances for /biˈpa/; there are also instances of 
fricativization in every word of this data set, ranging from one instance for /buˈke-ta/ to 
five for /bakaˈɾa-ta/.  
Even though there were other cases of fricativization, a possible explanation for the 
fact that every repetition of the target sound in /beˈko-ta/ was fricativized may be that 
the behavior before the close mid front vowel /e/ is different from the behavior before 
other vowels. This difference can also be seen by examining waveforms and 
spectrograms. Figure 15 shows the target sound /b/ realized as [β] in /beˈko/. 
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Figure 15. Waveform and spectrogram for /b/ as [β] in /beˈko/ 
In Figure 15 there is no observable burst or FOT. This can be contrasted with the 
behavior of /b/ realized as [b] in /buˈke/ pronounced by the same speaker as shown in 
Figure 16. 
 
Figure 16. Waveform and spectrogram for /b/ as [b] in /buˈke/ 
In /buˈke/ there is a different realization of /b/, with a clear burst and FOT. 
The behavior of /b/ before /e/ can be verified by examining other words in the 
data in which /e/ follows the target sound /b/ in word-initial position. The word 
/beˈkʰa/ was included in the data targeted for word-medial /kʰ/, not for word-initial 
/b/. Examining /beˈkʰa/, however, I find the same behavior of /b/ as in the word 
/beˈko/. Figure 17 shows a typical waveform and spectrogram for /beˈkʰa /. 
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Figure 17. Waveform and spectrogram for /beˈkʰa/ 
As we can see, the /b/ in /beˈkʰa-ta/ has no FOT, no burst and is fully voiced.  
Another word in my corpus in which initial /b/ is followed by /e/ is /beˈta-ta/. 
Although the word was included because of the medial /t/, the behavior of /b/ 
followed by /e/ is the same as for /beˈko-ta/ and /beˈkʰa-ta /, adding strength to my 
claim. In /beˈta-ta/, however, I found a few cases in which there was a very short burst, 
and the beginning of the vowel followed immediately after the burst. Figure 18 shows a 
waveform for an occurrence of [b] in /beˈta-ta/. 
 
Figure 18. Waveform for /b/ in /beˈta/ 
In this realization of /beˈta-ta/ I find two things. First, there is a burst (signaled with an 
arrow). Second, pre-voicing begins about half’way through the duration. In the few 
cases where a burst was present, the vowel began immediately after the burst, so the 
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length for FOT and for burst were the same, ranging from 2.0 to 2.5 ms. The overall 
mean for other releases of [b] is 10.3 ms. 
Another factor influencing the behavior of word-initial /b/ is speaker difference. 
The distribution of variants by speaker is shown in Figure 19. 
 
Figure 19. Variants of initial /b/ by speaker 
This figure shows that while all speakers have a tendency to realize the target sound as 
[b], S1 and S4 never devoiced the segment. Speakers 2, 3 and 5 have cases of devoicing. 
S5 shows the greatest variation. He realizes the target sound as [b] in fewer repetitions 
than any other speaker, he devoices in more repetitions than any other speaker, and he 
fricativizes in the same number of repetitions as S4.  
I now present the mean of the overall results for each of the variants of /b/. This 
table shows that the means for [b]̥ are much longer than those of the other two 
variants. 
Table 23. Variants of Voiced Bilabial Stop /b/ in word-initial position 
 FOT Burst Duration Pre-Voicing 
[b] 10.3 3.0 69.5 69.5 
[b]̥ 16.6 4.4 123.6 0 
[β] 0 0 68.0 68.0  
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Table 23 shows that [b] is fully voiced; that the results for the devoiced [b]̥ are 
significantly longer for FOT, burst and duration than those of [b] (P=0.0001 for all 
three parameters). It also shows that the results for [β] are fairly similar in duration and 
pre-voicing to those of [b], so the difference between these two variants lies in the fact 
that [β] has no burst and therefore, no FOT. 
This data set includes four words which contain the target sound /b/ in word-initial 
position and it is always followed by an oral vowel. Given the fact that all the 
repetitions of /b/ in /beˈko-ta/ were fricativized, I have excluded this word from the 
analysis. Table 24 shows four length measurements for [b] in the three remaining 
words. 
Table 24. Initial /b/ realized as [b] 
 FOT Burst Duration Pre-Voicing 
word mean n sd mean n sd mean n sd mean n sd 
bakaˈɾa-ta 9.4 20 2.2 2.8 20 0.6 67.3 19 16.6 67.3 19 16.6 
biˈpa 11.2 23 2.1 3.7 23 0.9 75.7 20 27.1 75.7 20 27.1 
buˈke-ta 10.2 25 1.8 2.5 25 0.6 66.2 25 21.1 66.2 25 21.1 
overall  10.3 68 2.1 3.0 68 0.9 69.5 64 22.1 69.5 64 22.1  
This table shows an overall mean for FOT of 10.3 ms, an overall burst of 3.0 ms, overall 
duration and pre-voicing are 69.6 ms each.  
The findings for initial /b/ can be summarized as follows: 
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• Initial /b/ has three variants: [b] in most of the cases, a devoiced [b]̥ and a 
fricative[β]. 
• Fricativization to [β] happens when the following vowel is /e/ or /a/. 
• Devoicing correlates with longer FOT, longer burst and longer duration. 
3.4 Word-Medial Aspirated Stops 
All three aspirated stops can occur in word-medial position. Each one is presented 
in a separate subsection. I show that nasality, stress and speaker difference influence the 
behavior of the target segment. 
3.4.1 Voiceless bilabial aspirated stop /pʰ/ in word-medial position 
In this section I focus on the voiceless bilabial aspirated stop /pʰ/ in word-medial 
position. I first discuss realizations of /pʰ/ as [ɸ] or [p]. Then I present the values of 
FOT, burst, duration, and pre-voicing for the realizations as [pʰ], showing that stress 
and nasality both have significant effects on most of these values. 
There are eight cases of fricativization. All cases were produced in an unstressed 
syllable in which /pʰ/ was fricativized to [ɸ]. The distribution of fricativization by 
speaker is: S1 (once), S3 (once), and S4 (six times). The target sound was fricativized in 
the word [hiˈtʰaɸe] four times, then [pʰeɸeˈnãtʰa] with three cases, and finally [ˈkʰõᵐɸe] 
with only one case.  
In addition to these cases, on twelve occasions the speakers produced the target 
sound /pʰ/ with an unaspirated [p]. In ten of those cases the target sound was in an 
unstressed syllable. The distribution of de-aspiration by speaker is as follows: S1 (once), 
S3 (3 times), S4 (4 times), and S5 (4 times). In four cases, the loss of aspiration took 
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place in the word /hiˈta-pʰe/. Next were /pʰepʰeˈna-ta/ and /ˈkʰõᵐpʰe/with three cases 
each. Finally, there were two cases in /eˈpʰa/. Figure 20 shows the three different ways 
in which /pʰ/ was realized in this set of data. 
 
Figure 20. Variants of /pʰ/ by speaker 
Even though /pʰ/ was most commonly produced aspirated, Figure 20 shows 
considerable variation by speaker. While S2 always aspirated, S4 fricativized 6 times 
and deaspirated 4 times. 
The word /eˈpʰa/ was produced in two different ways. It was pronounced with 
stress on the initial syllable six times by S3 and once by S5. In all other cases, stress was 
placed on the ultimate syllable. 
Table 25 gives the FOT, burst, duration and pre-voicing measurements for all 
instances in which the target sound /pʰ/ is realized as an aspirated stop. The instances 
in which it is realized as [ɸ] or [p] are not included. The seven instances of /ˈepʰa/ with 
initial stress have been analyzed separately from the instances of /eˈpʰa/ with final 
stress. Table 25 shows that there is great variation in the means for duration. I show 
that this variation is related to nasality and stress. I further show that while the means 
for FOT and burst are fairly similar for all tokens, there is a significant difference for 
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FOT in the production of /pʰ/ depending on the nasality of the preceding vowel. As 
expected, there is no pre-voicing in voiceless sounds. 
Table 25. Voiceless bilabial aspirated stop /pʰ/ in word-medial position 
 FOT Burst Duration Pre-Voicing 
word mean n sd mean n sd mean n sd mean n sd 
hiˈta-pe 23.0 22 8.0 4.7 22 1.2 102.2 22 27.2 0 22 0 
pʰepʰeˈna-ta 23.8 24 7.4 5.1 24 1.5 76.7 24 36.5 0 24 0 
ˈkʰõ-pʰe 24.1 26 6.8 4.4 26 1.0 80.7 26 25.7 0 26 0 
ˈẽ-pʰe 23.5 30 5.2 5.5 30 1.6 53.0 30 22.4 0 30 0 
ˈepʰa 29.3 7 8.1 4.3 7 1.0 114.3 7 21.3 0 7 0 
eˈpʰa 18.1 21 4.0 5.8 21 1.4 128.7 21 28.7 0 21 0 
overall 23.0 130 6.9 5.1 130 1.4 86.8 130 37.5 0 130 0   
The word /eˈpʰa/ (shaded in grey) is the only word in this group in which the target 
sound /pʰ/ is in a stressed syllable. The results in this stressed environment show the 
shortest FOT (18.1 ms), the highest mean for burst (5.8 ms) and the highest mean for 
duration (128.7 ms).  
Table 26 contrasts /pʰ/ in stressed and unstressed environments. Given the fact that 
the only occurrence of /pʰ/ in a stressed syllable is preceded by an oral vowel, when 
testing for stress I exclude /ˈkʰõ-pʰe/ and /ˈẽ-pʰe/ because they are preceded by a nasal 
vowel. This is to avoid having two features (stress and nasality) interacting in the 
production of the target sound.  
Table 26. Mean for medial /pʰ/ in unstressed and stressed syllable  
 FOT burst duration 
unstressed 24.2 4.8 92.2 
stressed 18.1 5.8 128.7 
P = 0.0012 0.0117 0.0001  
T-tests reveal that the differences for all three acoustic parameters are significant. The 
stop /pʰ/ in stressed syllable has significantly shorter FOT (P=0.0012), longer burst 
(P=0.0117), and longer duration (P=0.0001). 
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In Table 25 I find two words, /ˈkʰõpʰe/ and /ˈẽpʰe/, in which /pʰ/ follows a nasal 
vowel. Comparing these with the occurrences of /pʰ/ following oral vowels shows that 
/pʰ/ is produced with shorter duration in a nasal environment than in an oral one. All 
other parameters are either the same or very similar. Table 27 shows this behavior by 
contrasting /pʰ/ preceded by either oral versus nasal vowels in unstressed syllables. 
Table 27. Mean for medial /pʰ/ preceded by oral and nasal vowels 
 FOT Burst Duration 
oral 24.2 4.8 92.2 
nasal 23.8 5.0 65.8 
P 0.7420 0.6193 0.0001  
FOT in the nasal environment is less than one millisecond longer, while burst is almost 
the same in both environments. Duration of the target sound is 26.4 ms shorter in the 
nasal environment than in its oral counterpart. T-tests reveal that shorter duration when 
medial /pʰ/ is preceded by a nasal vowel is in fact significant (P=0.0001). 
On several occasions the speakers produced the target sound /pʰ/ with an 
unaspirated [p]. Table 28 compares the results for [p] and [pʰ] in nasal, oral, stressed 
and unstressed environments. 
Table 28. Results for /pʰ/ realized as [p] or [pʰ] in the different environments 
   FOT Burst Duration 
   mean 
nasal  11.3 4.7 76.0 
unstressed 
12.4 4.1 88.1 [p] 
oral 
stressed 12.0 5.0 127.5 
nasal  22.7 5.0 65.8 
unstressed 
23.3 5.0 91.5 [pʰ] 
oral 
stressed 18.1 5.8 128.7  
Table 28 shows that when /pʰ/ is realized as [p] the mean for FOT is half or almost half 
the mean of [pʰ]. The values for burst are quite similar, and those of duration are 
somewhat shorter for [p] than for [pʰ], especially when in an unstressed syllable, with 
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the exception of the nasal environment in which duration is longer for [p] (76.0 ms) 
than for [pʰ] (65.8 ms). 
The findings for medial /pʰ/ can be summarized as follows: 
• For medial /pʰ/, FOT is significantly shorter in stressed syllables than in 
unstressed syllables. 
• Burst and duration are longer in stressed syllables than in unstressed syllables. 
• Duration is significantly shorter when the target sound is preceded by a nasal 
vowel than when preceded by an oral vowel. 
3.4.2 Voiceless alveolar aspirated stop /tʰ/ in word-medial position 
In this section the focus is on the voiceless alveolar aspirated stop /tʰ/ in word-
medial position. There are three words in Table 29 with medial /tʰ/. In all three cases 
the target sound is in a stressed syllable. The target sound is preceded by a nasal /ã/ in 
/ãtʰa-tʰa/, an oral /o/ in /tʰoˈtʰo-pe/ and an oral /a/ in /taˈtʰɾu-tʰa/. In this last word, 
the target sound is in a complex onset. There was one case of speaker error by S2 and 
the token has been disregarded. The means for /tʰ/ are shown in Table 29. 
Table 29. Word-Medial Voiceless Alveolar Aspirated Stop /tʰ/ 
 FOT Burst Duration Pre-Voicing 
word mean n sd mean n sd mean n sd mean n sd 
ãˈtʰa-ta 23.5 30 5.5 7.2 30 2.2 87.0 28 21.4 0 29 0 
tʰoˈtʰo-pe 18.5 29 2.7 6.0 29 1.6 119.6 29 23.8 0 29 0 
taˈtʰɾu-ta 26.8 30 8.0 5.8 30 1.3 88.0 30 28.2 0 30 0 
overall 23.0 89 6.7 6.3 89 1.9 98.2 87 28.8 0 88 0  
Having only three words in this set of data makes it difficult to draw generalizations. 
Table 29 does show that when the target sound /tʰ/ is between two close-mid back 
rounded vowels in the word /tʰoˈtʰo-pe/, FOT is shorter by at least 5 ms and duration is 
longer by almost 30 ms. It also shows that for stressed /tʰ/ in word-medial position, 
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overall FOT is 23 ms, overall burst is 6.3 ms, duration is 98.2 ms and as expected with 
aspirated sounds, pre-voicing is zero. 
To test the influence of nasality I compare the values for medial /tʰ/ in the words 
/ãˈtʰa-ta/, in which the target sound is preceded by a nasal vowel, and /tʰoˈtʰo-pe/, in 
which the target sound is preceded by an oral vowel. Table 30 shows that nasality 
influences the behavior of /tʰ/ in FOT, burst and duration. 
Table 30. Influence of nasality on medial /tʰ/  
 FOT burst duration 
nasal 23.5 7.2 87.0 
oral 18.5 6.0 119.6 
P 0.0004 0.0078 0.0001  
For word-medial /tʰ/, nasality correlates with longer FOT, longer burst, and shorter 
duration. This difference is in fact significant for longer FOT (P=0.0004), for longer 
burst (P=0.0078), and for shorter duration (P=0.0001). 
The target sound also behaves differently in simple and complex onsets. In Table 31 
I compare the mean for /tʰ/ in /tʰotʰo-pʰe/, in which the target sound is in a simple 
onset, and the mean for /tʰ/ in /taˈtʰɾu-ta/ in which the target sound is in a complex 
onset. For burst the difference is minimal, so the means for FOT and duration are 
compared in Table 31. 
Table 31. Behavior of medial /tʰ/ in simple and complex onset 
  FOT duration 
simple 18.5 119.6 
complex 26.8 88.0 
P 0.0001 0.0003 
Medial /tʰ/ in a complex onset correlates with significantly longer FOT (P=0.0001) and 
significantly shorter duration (P=0.0003). 
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• In a stressed syllable, FOT and burst are longer after nasal vowels than after oral 
vowels. 
• In a stressed syllable, duration is shorter after nasal vowels than after oral 
vowels. 
• In a stressed syllable, FOT is longer in a complex onset than in a simple onset. 
• In a stressed syllable, duration is shorter in a complex onset than in a simple 
onset. 
3.4.3 Voiceless velar aspirated stop /kʰ/ in word-medial position 
In this section the focus is on the voiceless velar aspirated stop /kʰ/ in word-medial 
position. There are 32 cases of fricativization of the velar fricative resulting in /x/. 
Twenty-nine of those cases are found in data from S1, one in data from S3, and two in 
data from S5. Twenty-four cases of fricativization occurred in a stressed syllable. The 
other eight cases occurred in an unstressed syllable, six of which were in the word 
/bakaˈɾa-tʰa/. Medial /kʰ/ is realized as a de-aspirated [k] in 17 repetitions. The words 
in which /kʰ/ was de-aspirated the most are /soˈkʰo-ta/ (six times) and /pakʰuˈɾu-ta/ 
(five times, all by S3). There are two cases of speaker error, both by S4. The cases of 
fricativization, de-aspiration and speaker error have been excluded from the statistical 




Figure 21. Variants of medial /kʰ/ by speaker 
Figure 21 shows that, even though the target sound was most commonly produced as 
[kʰ] by all the speakers, the results for S1 show more variation: he fricativized more 
than the others and he de-aspirated in four repetitions. Figure 21 also shows that S2 
always produced the target sound as [kʰ]. The results for S3 and S5 are very similar.  
Table 32 shows six words with /kʰ/ in unstressed syllable, and eight words with 
/kʰ/ in stressed syllables (shaded grey). In the unstressed group of words FOT is longer 
and duration is shorter when the stop is preceded by a nasal vowel. In this data set 
there are no nasal vowels preceding the target sound in stressed syllables. As expected 
in voiceless sounds, there is no pre-voicing for the entire set of data.  
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Table 32. Word-Medial Voiceless Velar Aspirated Stop /kʰ/ 
 FOT Burst Duration Pre-Voicing 
word mean n sd mean n sd mean n sd mean n sd 
ãkʰiˈda-ta 59.8 30 10.3 5.9 30 1.6 61.4 30 20.6 0 30 0 
ẽkʰaˈra-ta 51.3 29 15.7 6.0 29 1.1 58.1 29 18.5 0 29 0 
ʤumakʰiˈɾã-ta 45.7 29 11.7 5.7 29 2.1 76.6 29 21.9 0 29 0 
bakʰaˈɾa-ta 49.0 22 14.8 6.0 22 0.9 85.9 22 20.9 0 22 0 
pakʰuˈɾu-ta 53.9 24 12.0 7.0 24 2.2 90.6 24 26.2 0 24 0 
poɾekʰeˈa-ta 44.1 29 9.3 5.9 29 1.4 107.6 29 23.0 0 29 0 
hedeˈkʰo-ta 48.2 22 11.4 6.7 22 1.6 94.1 22 20.1 0 22 0 
beˈkʰa-ta 49.5 26 9.3 5.9 26 1.3 100.8 26 22.9 0 26 0 
iɾaˈkʰa-ta 43.4 25 16.8 5.9 25 1.9 94.4 25 16.1 0 25 0 
oˈkʰa-ta 50.9 29 9.3 5.3 29 1.8 98.7 29 8.8 0 29 0 
saˈkʰe-ta 41.5 29 10.5 5.7 29 1.4 96.4 29 26.5 0 29 0 
pʰaˈkʰa-ta 49.1 26 12.3 6.5 26 2.0 109.1 26 25.0 0 26 0 
soˈkʰo-ta 42.9 20 17.6 5.4 20 1.6 115.4 20 36.8 0 20 0 
ʤiˈkʰo-ta 50.4 29 13.0 6.6 29 1.7 111.4 29 24.1 0 29 0 
overall 48.7 369 13.2 6.0 369 1.7 92.2 369 28.2 0 369 0  
Focusing on the words in which /kʰ/ is in unstressed syllable, there are two words in 
which a nasal vowel precedes the target sound: /ãkʰida-tʰa/ and /ẽkʰara-tʰa/. Table 33 
shows that when /kʰ/ is preceded by a nasal vowel, the target sound has longer FOT 
and shorter duration. 
Table 33. Influence of nasality for medial /kʰ/ in unstressed syllable 
 FOT Burst Duration 
nasal 55.7 5.9 59.8 
oral 47.9 6.1 90.4 
P(2) 0.0003 0.4416 0.0001  
Two-tailed t-tests reveal that in unstressed syllables a nasal vowel preceding the target 
sound results in a significantly longer FOT (P=0.0003) and shorter duration 
(P=0.0001). The difference is not significant for burst. 
Using the data from Table 32 I now compare /kʰ/ in unstressed and stressed 
syllables. Table 34 gives overall means for the target sound in unstressed and stressed 
syllables. 
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Table 34. Medial /kʰ/ in unstressed and stressed syllable 
 FOT Burst Duration 
unstressed 50.7 6.0 79.3 
stressed 47.1 6.0 102.4 
P= 0.0194  0.0001 
 
When comparing /kʰ/ in unstressed and stressed syllables, FOT is longer in unstressed 
syllables, while duration is shorter. Shorter FOT in stressed syllables (P=0.0194) and 
longer duration in stressed syllables (P=0.0001) are statistically significant. The means 
for burst are the same in both environments. 
• For medial /kʰ/, nasality correlates with significantly longer FOT and shorter 
duration. 
• For medial /kʰ/, stress correlates with significantly shorter FOT and longer 
duration. 
3.5 Word-Medial Unaspirated Stops 
All three unaspirated stops can occur in word-medial position. Each is presented in 
a separate subsection. As with unaspirated stops in word-initial position, there is great 
variation in the production of these segments. Nasality, stress and speaker difference 
influence the realization of the target segment. 
3.5.1 Voiceless bilabial unaspirated stop /p/ in word-medial position 
In this section I focus on the voiceless bilabial unaspirated stop /p/ in word-medial 
position. There are 21 cases of fricativization resulting in [β] and one case of speaker 
error. These 22 tokens have not been included in the analysis. Figure 22 shows the 
distribution of variants of /p/: [p], [b], and [β] by speaker.  
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Figure 22. Variants of medial /p/ by speaker 
Voicing is limited to particular speakers for word-initial /p/ and /t/, but Figure 22 
shows that it is generalized to all speakers for medial /p/ (although S5 still voiced 
considerably less than did the others). S1 and S4 maintain their tendency to voice the 
voiceless stops, especially S4, who in this data set never realized /p/ as [p]. Instances of 
fricativization were fairly even between speakers. 
In this section I also show that nasality and stress influence the production of the 
target sound. The set of test words for /p/ in word-medial position includes two words 
in which the target sound is in an unstressed syllable, and four words in which it is in a 
stressed syllable (shaded grey in Table 35).  
Table 35. Distribution of variants for medial /p/ 
word p b β 
ĩpiˈɾa-ta 0 28 2 
põpõˈɾã-ta 0 28 2 
ãˈpa 2 24 3 
biˈpa 17 13 0 
sũpiˈpi-ta 4 21 5 
tʰu̶ˈpu̶-ta 3 18 9 
Total 26 132 21 
 15% 74% 11% 
 
This table shows that in nasal unstressed environments the target sound /p/ is never 
realized as [p], but mostly as [b]. It also shows that the word with the most instances of 
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[p] is /biˈpa/. The words in which /p/ was fricativized more frequently are /tu̶ˈpu̶-ta/ 
(9 times) and /sũpiˈpi-tʰa/ (5 times). Table 35 shows that word-medial /p/ is realized as 
[b] in 74% of the repetitions, as [p] in 15%, and as [β] in 11%. 
Considering the high number of instances of [b], Table 36 shows the parameters for 
this variant. When /p/ is realized as [b], duration and pre-voicing have the same value, 
indicating that the target sound is fully voiced. 
Table 36. Results for medial /p/ realized as [b] 
FOT burst duration pre-voicing  
mean n sd mean n sd mean n sd mean n sd 
ĩpiˈɾa-ta 10.7 28 3.0 3.9 28 0.9 36.7 28 7.3 36.7 28 7.3 
põpõˈɾã-ta 10.6 28 2.7 2.7 28 0.6 24.5 28 5.7 24.5 28 5.7 
ãˈpa 11.5 24 2.9 4.0 24 0.7 40.3 24 11.0 40.3 24 11.0 
biˈpa 12.2 13 3.6 4.1 13 0.9 120.2 13 19.0 120.2 13 19.0 
sũpiˈpi-ta 13.0 21 4.0 4.3 21 0.8 87.6 21 14.7 87.6 21 14.7 
tʰu̶ˈpu̶-ta 12.7 18 2.9 4.7 18 1.1 101.9 18 22.3 101.9 18 22.3  
This table shows that the results for the four parameters are longer in stressed syllables. 
Given the fact that the target sound in unstressed syllables is also preceded by a nasal 
vowel, stress can be tested controlling for nasality. Table 37 compares the medial /p/ in 
/ĩpiˈɾa-ta/ and /põpõˈɾa-ta/, both in an unstressed syllable, with /p/ in /ãˈpa/ in which 
the target sound is preceded by nasal in a stressed syllable.  
Table 37. Influence of stress in medial /p/ realized as [b]  
 FOT Burst Duration Pre-voicing 
unstressed 10.7 3.3 30.6 30.6 
stressed 11.5 4.0 40.3 40.3 
P= 0.2058 0.0043 0.0001 0.0001  
These results show that stress correlates with longer FOT, longer burst, longer duration 
and longer pre-voicing. The difference is not significant for FOT (P=0.2058), but it is 
significant for burst (P=0.0043), and for duration and pre-voicing (P=0.0001 each). 
68 
To analyze the influence of nasality I compare medial /p/ in /ãˈpa/, which is 
preceded by a nasal vowel, with the same segment in /biˈpa/, /sũpiˈpi-ta/ and 
/tu̶ˈpu̶-ta/, in which the target sound is preceded by an oral vowel. All the target sounds 
are in the stressed syllable in order to control for stress. Table 38 shows that all 
parameters are shorter when preceded by a nasal vowel. 
Table 38. Influence of nasality in medial /p/ realized as [b] 
 FOT Burst Duration Pre-voicing 
nasal 11.5 4.0 40.3 40.3 
oral 12.7 4.4 100.7 100.7 
P = 0.1486 0.0493 0.0001 0.0001  
In this set of data, burst, duration and pre-voicing are significantly shorter when the 
target sound is preceded by a nasal vowel than when it is preceded by an oral vowel. 
FOT is also shorter when the target sound is preceded by a nasal vowel, but the 
difference is not significant.  
From the 180 tokens analyzed in this data set, only 26 are realized as [p]. Table 39 
shows that all realizations of [p] are in a stressed syllable. This fact does not allow us to 
find factor correlate with stress.  
Table 39. Results for medial /p/ realized as [p] 
FOT burst duration pre-voicing  
mean n sd mean n sd mean n sd mean n sd 
ãˈpa 22.5 2 7.8 4.5 2 0.7 38.5 2 0.7 0 2 0 
biˈpa 15.1 17 3.6 5.1 17 1.0 130.7 17 14.4 0 17 0 
sũpiˈpi-ta 18.5 4 1.0 4.0 4 0.8 86.8 4 8.0 0 4 0 
tʰu̶ˈpu̶-ta 19.3 3 4.7 4.3 3 0.6 104.0 3 5.3 0 3 0 
overall 16.7 26 4.3 4.8 26 1.0 113.8 26 30.3 0 26 0  
This table shows that when /p/ is realized as [p], there is no pre-voicing. It also shows 
that when the target sound is preceded by a nasal vowel, FOT is longer and duration is 
shorter. In testing for the effects of nasality, Table 40 compares [p] in oral and nasal 
environment. 
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Table 40. Influence of nasality in medial /p/ realized as [p] 
 FOT Duration 
nasal 22.5 38.5 
oral 16.2 120.0 
P = 0.0427 0.0001  
This table shows that when /p/ is realized as [p], nasality correlates with longer FOT 
and shorter duration. The difference is significant in both cases: P=0.0427 for longer 
FOT, and P=0.0001 for shorter duration. These results need further study due to the 
low number of tokens following the nasal: there are only two tokens realized as [p] in 
/ãˈpa/, in which the target sound is preceded by a nasal vowel, compared to twenty 
four instances of [p] realized in an oral environment. 
In this section I also show that the variants [b] and [p] are different not only 
because [b] is fully voiced and [p] has no pre-voicing, but because the results for FOT, 
burst, and duration are also different. Table 41 compares the overall results for [b] and 
[p] in stressed syllables. 
Table 41. Contrasting the variants [b] and [p] for medial /p/  
 FOT Burst Duration Pre-voicing 
overall [b] 12.4 4.3 81.6 81.6 
overall [p] 16.7 4.8 113.8 0 
P = 0.0001 0.0137 0.0001 0.0001  
This table shows that when /p/ is realized as [p], the means are longer for FOT, burst 
and duration than they are when it is realized as [b]. The difference is significant for 
FOT (P=0.0001), for burst (P=0.0137), and for duration and pre-voicing (P=0.0001 
each). 
To summarize the results for this section: 
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• For medial /p/ realized as [b], FOT, duration and pre-voicing are longer in 
stressed than in unstressed syllables. 
• Medial /p/ is only realized as [p] in stressed syllables; it is never lenited in this 
environment. 
• For [p] FOT is longer and duration is shorter after a nasal vowel than after an 
oral vowel. 
3.5.2 Voiceless alveolar unaspirated stop /t/ in word-medial position 
In this section I focus on the voiceless alveolar unaspirated stop /t/ in word-medial 
position. There are two variants in the production of the target sound: [d] and [t]. In 
addition, speaker differences, nasality and stress influence the production of the target 
sound. My data do not allow comparisons between stressed and unstressed 
environments because there are no words in which the target sound is in a simple onset 
in an unstressed syllable. There are three cases of speaker error, all by S3. 
Speaker difference is a key factor to account for the two variants of /t/. Speakers 1, 
4 and 2 tend to voice the target sound, while S3 and S5 realize it most commonly as 
voiceless as shown in Figure 23. 
 
Figure 23. Variants of medial /t/ by speaker 
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This bar chart shows that, following the pattern seen with other sounds, S1 and S4 show 
a tendency to voice the unaspirated target sound, while S3 and S5 tend to produce it 
voiceless. While I have shown that S2 produces initial /p/ and /t/ equally between 
voiced and voiceless, in this set of data he more frequently voices the target sound.  
Table 42 shows the distribution of medial /t/ by word. The target sound is realized 
as [d] in 80 of the 147 repetitions, and as [t] in 67. This represents 54% for [t] and 
46% for [d]. 
Table 42. Distribution of variants of medial /t/ by word 
 t d 
pʰiˈɾatɾu 6 23 
be'ta-ta 20 8 
hi'ta-pʰe 26 4 
pʰa'ta-ta 12 18 
tɾʉ̃'taʉ-ta 3 27 
Total 67 80 
 46% 54%  
In terms of the environment, this table shows that /t/ in an unstressed syllable is most 
frequently realized as [d]. It also shows that when /t/ is in a stressed syllable and 
follows a high front or a mid vowel, it is most frequently realized as [t], but when it 
follows a low back or a nasal vowel, it is most frequently realized as [d]. 
Table 43 shows the two variants of word-medial unaspirated /t/. The top of the 
chart shows the results for /t/ when it is realized as [d] and the bottom shows the 
results when it is produced as [t]. There is one word in which the target sound is in an 
unstressed syllable and four words in which the target sound is in a stressed syllable. In 
the word /pʰiˈɾatɾu/ the target sound is in an unstressed syllable and in a complex 
onset. A consistent difference between [t] and [d] is that when the target sound is 
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produced as [d], /t/ is fully voiced and when it is produced as [t] there is no pre-
voicing. 
Table 43. Voiceless alveolar unaspirated stop /t/ in word-medial position 
[d] FOT Burst Duration Pre-Voicing 
word mean n sd mean n sd mean n sd mean n sd 
pʰiˈɾatɾu 35.0 23 3.7 5.0 23 0.9 87.7 22 15.3 87.7 22 15.3 
beˈta-ta 14.6 8 4.1 4.4 8 0.5 106.1 7 23.5 106.1 7 23.5 
hiˈta-pe 11.0 4 3.6 3.8 4 0.5 123.5 4 12.1 123.5 4 12.1 
pʰaˈta-ta 13.3 18 4.2 5.4 18 1.7 106.3 18 25.4 106.3 18 25.4 
tɾũ̶ˈtau̶-ta 13.4 27 2.6 5.6 27 1.3 40.3 27 12.0 40.3 27 12.0 
[t] FOT Burst Duration Pre-Voicing 
word mean n sd mean n sd mean n sd mean n sd 
pʰiˈɾatɾu 38.5 6 6.4 5.2 6 1.2 86.3 6 10.1 0 6 0 
beˈta-ta 17.4 20 4.5 6.0 20 1.5 113.9 20 29.9 0 20 0 
hiˈta-pe 21.0 26 7.3 7.0 26 1.8 116.9 25 17.2 0 26 0 
pʰaˈta-ta 19.7 12 5.5 6.5 12 1.2 116.3 12 17.1 0 12 0 
tɾũ̶ˈtau̶-ta 21.3 3 5.0 7.3 3 1.2 55.3 3 21.5 0 3 0  
Using the information in this table, Table 44 compares the means for /t/ in 
unstressed and stressed syllables following an oral vowel. 
Table 44. Mean for medial /t/ by stress 
Surface 
Form 
 FOT Burst Duration Pre-voicing 
unstressed 35.0 5.0 87.7 87.7 
[d] 
stressed 13.4 4.9 108.6 108.6 
 P= 0.0001  0.0008 0.0008 
unstressed 38.5 5.2 86.3 0 
[t] 
stressed 19.5 6.6 115.7 0 
 P= 0.0001 0.0455 0.0022   
In this data, for [d], stress correlates with shorter FOT, longer duration, and longer pre-
voicing. For [t], stress correlates with shorter FOT, longer burst, and longer duration. 
For the voiced variant [d], this difference is significant for FOT (P=0.0001), for 
duration (P=0.0008) and for pre-voicing (P=0.0008). For the voiceless variant [t], the 
difference is significant for FOT (P=0.0001), for burst (P=0.0455), and for duration 
(P=0.0022). 
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Focusing on the nasal environment, Table 43 shows that when /t/ is in an 
unstressed syllable, preceded by a nasal vowel, as in the word /tɾũ̶ˈtau̶-ta/, it surfaces 
most commonly as [d]. When this is the case, the means for FOT and burst are fairly 
similar to those of the other words in which the target sound is in stressed syllable, but 
the means for duration and pre-voicing are clearly shorter. When /t/ surfaces as [t], 
FOT and burst are longer, while duration is shorter and there is no pre-voicing. 
Table 45 contrasts the means for /t/ in stressed syllables in both nasal and oral 
environments. The only word with /t/ in a stressed syllable preceded by a nasal is 
/tɾũ̶ˈtau̶-ta/. The words with /t/ in a stressed syllable preceded by an oral vowel are 
/beˈta-ta/, /hiˈta-pʰe/ and /pʰaˈta-ta/. 




by FOT Burst Duration Pre-voicing 
nasal 13.4 5.6 40.3 40.3 
[d] 
oral 13.4 4.9 108.6 108.6 
 P=  0.1007 0.0001 0.0001 
nasal 21.3 7.3 55.3 0 
[t] 
oral 19.5 6.6 115.7 0 
 P= 0. 6168 0.4127 0.0001   
Two-tailed T-tests confirm my observations: According to this data, when /t/ surfaces as 
[d], a preceding nasal correlates with shorter duration and shorter pre-voicing 
(P=0.0001). When it is realized as [t], nasality correlates with shorter duration 
(P=0.0001). 
The findings of this section are: 
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• For [d], stress correlates with shorter FOT, longer duration, and longer pre-
voicing. 
• For [t], stress correlates with shorter FOT, longer duration. 
• For [d], nasality correlates with shorter duration and pre-voicing. 
• For [t], nasality correlates with shorter duration. Pre-voicing is zero. 
3.5.3 Voiceless velar unaspirated stop /k/ in word-medial position 
In this section the focus is on the voiceless velar unaspirated stop /k/ in word-
medial position. I first discuss the four variants of /k/. Then I present the values of FOT, 
burst, duration, and pre-voicing for the realizations as stops. 
The target sound was produced with four variants: [ɣ], [ɣ̊] [ɡ], and [k]. The first 
two are the results of fricativization, in which there is no FOT and no burst. When the 
target sound was produced as [ɣ] there is clear pre-voicing, but there are also four cases 
in which the target sound impressionistically sounds like [ɣ], yet the waveform is very 
aperiodic, there is no pitch and there are no pulses. The waveform is rather flat, with 
frication of very low frequency. Even though this cannot be counted as pre-voicing, the 
sound is not a voiceless velar fricative as expected. Since this variant sounds voiced, but 
there are no periodic waveforms, I transcribe it as a devoiced fricative [ɣ̊]. When the 
target sound was produced as a voiced velar stop [ɡ], it is possible to measure all four 
acoustic parameters. When it surfaced as [k] there is burst, FOT, duration, but zero 
pre-voicing. Table 46 summarizes these findings. 
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Table 46. Variants of /k/ and Acoustic Parameters 
Acoustic 
parameters k ɡ ɣ ɣ ̊
FOT ✓ ✓ — — 
burst ✓ ✓ — — 
duration ✓ ✓ ✓ ✓ 
pre-voicing — ✓ ✓ — 
 
I now present pictures of the waveforms and spectrograms for each of the four 
variants. Figure 24 shows the variant [k] in the word /buˈke-ta/ produced by S5. 
 
Figure 24. Medial /k/ produced as [k] 
A high frequency burst can be clearly identified about three fourths of the way through 
the total segmental duration. There is a little air activity before the burst, but nothing 
that could be considered pre-voicing. Pitch and pulses are also absent before and after 
the burst, and intensity drops before the burst and picks up at the beginning of the 
following vowel. 
Figure 25 shows the variant [ɡ] in the word /buˈke-ta/ produced by S3. 
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Figure 25. Medial /k/ produced as [ɡ] 
Voicing is maintained throughout; this is revealed by the periodic waveform before the 
burst, as well as by the presence of pitch and pulses. There is a clear burst but with a 
lower frequency peak than that of [k].  
Figure 26 shows the variant [ɣ] in the word /bakaˈɾa-ta/ produced by S4. 
 
Figure 26. Medial /k/ produced as [ɣ] 
In this case there is no burst and therefore no FOT. Voicing is maintained, as shown by 
the periodic waveform, and by the presence of pitch and pulses.  
Figure 27 shows the variant [ɣ̊] in the word /tokoˈa-ta/ produced by S4. 
 
Figure 27. Medial /k/ produced as [ɣ̊] 
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Once again, there is no burst and consequently no FOT, but the waveform is rather flat, 
and there is a break in pitch and pulses. 
In this data set there are twelve words for a total of 360 repetitions of the target 
sound /k/ in word-medial position. Nine repetitions were not included in the analysis 
due to speaker error. In five words the target sound is in an unstressed syllable preceded 
by an oral vowel. In one word, /mõkaˈɾa-ta/, the target sound is in an unstressed 
syllable preceded by a nasal vowel. There are four words in which the target sound is in 
a stressed syllable preceded by an oral vowel (shaded grey), and two, /pʰõˈka-ta/ and 
/u̶ɾãˈka-ta/, in which the target sound is in a stressed syllable preceded by a nasal vowel 
(also shaded grey). Overall, the phoneme /k/ was realized as [k] in 26% of the tokens, 
as [ɡ] in 54%, as [ɣ] in 19%, and as [ɣ̊] in 1%. Table 47 shows the specific distribution 
of the different variants by word. 
Table 47. Distribution of variants of /k/ by word 
word k ɡ ɣ ɣ ̊
bakaˈɾa-ta 3 3 22 0 
ekoˈɾo-ta 0 16 12 0 
oɾekeˈa-ta 7 22 1 0 
su̶ku̶ˈa-ta 12 17 0 0 
tokoˈa-ta 15 3 8 3 
mõkaˈɾa-ta 0 24 6 0 
buˈke-ta 8 22 0 0 
oˈka-ta 8 16 6 0 
beˈko-ta 11 11 6 1 
piˈka-ta 25 3 0 0 
pʰõˈka-ta 2 26 2 0 
uɾãˈka-ta 1 26 3 0 
Total 92 189 66 4  
This table shows that /k/ in /bakaˈɾa-ta/ was most commonly realized as [ɣ] (22 times). 
This corroborates Mortensen’s claim that /k/ tends to be voiced between two low back 
vowels, though my data shows it is also fricativized. The target sound in /ekoˈɾo-ta/ was 
always voiced, either as [ɡ] (16 times) or as [ɣ] (12 times). In /oɾekeˈa-ta/ the target 
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sound was most commonly realized as [ɡ] (22 times), so was /su̶ku̶ˈa-ta/ (17 times). 
The /k/ in /tokoˈa-ta/ is notable because, according to Mortensen, it should be 
fricativized because it occurs between two low or mid back vowels. In this data, 
however, /k/ in this word is realized most commonly as [k] (15 times), and only 8 
times as [ɣ]. When preceded by a nasal vowel, or when in a stressed syllable, the target 
sound is most frequently realized as [ɡ], with the exception of the target sound in 
/piˈka-ta/ in which it is almost always produced as [k]. Medial velar stop /k/ was 
fricativized to [ɣ̊], three times in the word /tokoˈatʰa/ (twice by S4, once by S5) and 
once in the word /beˈko-tʰa/ (by S1). 
Table 48 provides the distribution of the four variants of /k/ in terms of the 
environment in which each allophone is produced, in percentages. 
Table 48. Distribution of variants of medial /k/ 
environment k ɡ ɣ ɣ ̊
oral 27% 42% 30% 2% 
unstressed 
nasal 0% 80% 20% 0% 
oral 44.5% 44.5% 10% 1% 
stressed 
nasal 5% 87% 8% 0% 
Total 26% 54% 19% 1%  
Medial unaspirated /k/ in unstressed oral environments is produced most commonly as 
[ɡ] (42% of the 144 tokens), while in stressed oral environments it is produced as [k] or 
[ɡ] (each are 44.5% of the 117 tokens). In nasal environments the target sound is 
realized even more commonly as [ɡ] (80% of the 30 tokens in unstressed positions and 
87% of the 60 tokens in stressed positions). Coetzee & Pretorius (2010) cite various 
typological reviews which claim that avoidance of voiceless stops after nasals is “a 
rather common phenomenom in the phonologies of the world’s languages”.  They claim 
that post-nasal voicing is articulatorily grounded and that post-nasal voicing is also 
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perceptually grounded. Voicing is “the natural/neutral state post-nasally, while 
voicelessness requires special articulatory effort” (Coetzee & Pretorius 2010:405).  
The distribution of variants by speaker is shown in Figure 28. 
 
Figure 28. Variants of /k/ by speaker 
This bar chart reveals a great deal of variation, with a tendency to voice the target 
sound. Out of 70 total cases of fricativization, S1 fricativized it most frequently (33 
times). Following his pattern elsewhere, S4 produces the target sound as voiced more 
than five times as often as he produces it unvoiced. Even though S2 and S5 also 
produced [ɡ] more times than [k], the difference for them is not as great as for other 
speakers. 
Given the fact that there were so many instances of fricativization, I provide a 
summary table with the means for duration and pre-voicing in oral/nasal environments 
as well as in stressed/unstressed syllables. 
Table 49. Means for variation of medial /k/ 
Variant environment duration pre-voicing 
oral 56.2 56.2 
unstressed 
nasal 42.0 42.0 
oral 72.8 72.8 
[ɣ] 
stressed 
nasal 48.0 48.0 
unstressed oral 91.7 0 
[ɣ]̊ 
stressed oral 97.0 0  
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This table shows that when /k/ is realized as [ɣ], in oral environments, duration and 
pre-voicing are significantly longer in stressed than in unstressed environments 
(P=0.0031 each). In nasal environments, however, stress is not a factor (P=0.2631). 
Nasality triggers shorter duration and pre-voicing when compared in similar 
environments: in unstressed syllables duration and pre-voicing are significantly shorter 
in nasal environments (P=0.0419), and the same is true in stressed syllables 
(P=0.0079).   
When the target sound is realized as [ɣ̊], stress correlates with longer duration, but 
having only four tokens realized as such in this data set makes it difficult to determine 
if this is significant. 
Table 50 shows the behavior of /k/ when it surfaces as [ɡ]. The results show that 
nasality correlates with shorter duration and pre-voicing. They also show that when 
preceded by oral vowels, stress correlates with shorter FOT and burst, but longer 
duration and pre-voicing. 
Table 50. Means for medial /k/ realized as [ɡ]  
Variant environment FOT burst duration pre-voicing 
oral 30.1 5.8 54.8 54.8 
unstressed 
nasal 22.5 4.1 26.5 26.5 
oral 29.2 4.6 76.1 76.1 
[ɡ] 
stressed 
nasal 21.3 4.5 25.1 25.1  
In unstressed syllables, a preceding nasal correlates with shorter means in all four 
acoustic parameters. This difference is significant for FOT (P=0.0034), burst 
(P=0.0011), and duration and pre-voicing (P=0.0001 each). In stressed syllables, 
nasality shows a significant correlation with shorter FOT, duration and pre-voicing 
(P=0.0001 for all three acoustic parameters).  
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When preceded by oral vowels, the [ɡ] variant shows shorter FOT and burst, but 
longer duration and pre-voicing in stressed syllables than in unstressed syllables. T-tests 
reveal that the difference is not significant for FOT (P=0.6502), but it is significant for 
burst (P=0.0010), as well as for longer duration and pre-voicing (P=0.0001 each). In 
nasal environments means are fairly similar in stressed and unstressed syllables. 
Table 51 shows the behavior of /k/ when it surfaces as [k]. Stress and nasality 
influence the target sound, although in this set of data none of the tokens is preceded by 
a nasal vowel in an unstressed syllable. As expected with voiceless sounds, pre-voicing 
is zero in all environments. 
Table 51. Means for medial /k/ realized as [k] 
Variant environment FOT burst duration pre-voicing 
unstressed oral 35.3 5.5 87.4 0 
oral 34.6 5.4 101.3 0 
stressed 
nasal 22.3 4.3 44.0 0 
[k] 
Overall 34.5 5.4 93.8 0  
When the target sound is preceded by an oral vowel the means are fairly similar for 
FOT and for burst regardless of stress, but stress correlates with longer duration 
(P=0.0076). In stressed syllables, a preceding nasal correlates with shorter FOT, burst 
and duration. T-tests reveal that the difference is significant for FOT (P=0.0106) and 
duration (P=0.0006), but not for burst (P=0.2698).  
Summarizing the results of this section: 
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• For [k], stress correlates with longer duration in oral environments. 
• For [k], nasality correlates with shorter FOT and shorter duration in stressed 
syllable. 
• For [ɡ], stress correlates with longer duration and shorter burst in oral 
environments. 
• For [ɡ], nasality correlates with shorter FOT, duration and pre-voicing. 
• For [ɣ], stress correlates with longer duration and pre-voicing in oral 
environments. 
• For [ɣ], nasality correlates with shorter duration and pre-voicing in stressed 
syllables. 
3.6 Word-Medial Voiced Stops 
The two voiced stops, /b/ and /d/, can occur in word-medial position. The results 
for each of these are presented in separate subsections. 
3.6.1 Voiced bilabial stop /b/ in word-medial position 
In this section I focus on the voiced bilabial stop /b/ in medial position. There are 
eleven cases of fricativization resulting in [β]: seven in /ˈaba/ and four in 
/bakabaˈka-ta/. These tokens are not included in the measurements. The following 
figure illustrates the distribution of the two variants by speaker. 
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Figure 29. Variants of medial /b/ by speaker 
Figure 29 shows that /b/ was mostly realized as [b], especially by S2 who always 
produced it that way. It also shows that S1 and S4 fricativized most frequently, with 
four and three occurrences respectively, followed by S3 and S5 with two instances of 
fricativization each. 
As mentioned in Chapter 1, target words containing the voiced bilabial phoneme 
are rare. In this data set there are two words: /ˈaba/ ‘one’ and /bakabaˈka-ta/ ‘butterfly’. 
In Table 52, the target sound in both words is in unstressed position. In /ˈaba/, stress 
precedes the target sound. In /pakabaˈka-ta/ the target sound precedes the stressed 
syllable.  
Table 52. Voiced Bilabial Stop /b/ in medial position 
 FOT Burst Duration Pre-Voicing 
word mean n sd mean n sd mean n sd mean n sd 
ˈaba 10.0 23 2.2 3.3 23 1.2 82.5 23 19.5 82.5 23 19.5 
bakabaˈka-ta 9.8 16 1.7 3.8 16 0.7 67.1 16 11.6 67.1 16 11.6 
overall 9.9 39 2.0 3.5 39 1.0 76.2 39 18.2 76.2 39 18.2   
Overall mean for FOT is 9.9 ms, and for burst it is 3.5 ms. Duration and pre-voicing 
have the same mean (76.2 ms), which indicates that the target sound is fully voiced. 
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3.6.2 Voiced alveolar stop /d/ in word-medial position. 
In this section I focus on the voiced alveolar stop /d/ in word-medial position. In 
the Embera Katío language, /d/ only occurs in this position. I show that its behavior is 
heavily influenced by stress and speaker differences. The target sound is fricativized 57 
times resulting in [ð]. Since there are so many cases of fricativization, they are analyzed 
separately. There were two cases of speaker error, both by S2, and those tokens have 
been disregarded.  
Figure 30 shows the distribution of the variants of word-medial /d/ by speaker. 
 
 
Figure 30. Distribution of variants of /d/ by speaker 
This figure shows that S1 and S4 tend to fricativize the target sound, while S2, S3 and 
S5 tend to produce it as [d]. These results show, once again, that S1 and S4 tend to 
realize the target sounds in a similar way, but different from S2, S3, and S5. 
Five words were chosen with the target sound /d/ in word-medial position. In two 
words, /d/ is in an unstressed syllable. In three words, it is in a stressed syllable. The 
distribution of variants by word is shown in Table 53. 
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Table 53. Variants of medial /d/ by word 
word d ð 
hedeˈkʰo-ta 15 14 
pʰewede'a-ta 20 10 
ãkʰi'da-ta 21 9 
kʰu̶ˈda-ta 16 13 
pu'da-ta 19 11 
total 91 57 
 61.5% 38.5%  
This data show that there were cases of fricativization for each word of this set, and 
that the least number of cases was in the word /ãkʰi'da-ta/ with nine cases of 
fricativization. The words in which /d/ was most fricativized are /hedekʰo-ta / (14 
times), and /kʰu̶ˈda-ta/ (13 times). The target sound is most frequently realized as [d] in 
the words /pʰewede'a-ta/, /ãkʰi'da-ta/, and /pu'da-ta/. Even though the target sound 
was most frequently realized as [d], cases of fricativization made up 38.5% of the 
occurrences of /d/. 
Table 54 shows the values of duration for all cases of fricativization. Since the 
target sound was fully voiced, the results for duration are the same as those for pre-
voicing.  
Table 54. Values for /d/ when realized as [ð] 
 Duration 
word mean n sd 
hedeˈkʰo-ta 54.0 14 14.5 
pewedeˈa-ta 48.3 10 3.8 
ãkʰiˈda-ta 42.7 9 17.1 
kʰu̶ˈda-ta 47.7 13 16.9 
puˈda-ta 38.8 11 10.9 
overall 46.5 57 15.6  
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This table shows that [ð] tends to have significantly shorter duration in stressed 
syllables (P=0.0296). This means that for [ð], stress correlates with shorter duration 
and pre-voicing. 
We now focus on the voiced alveolar stop /d/ in word-medial position when 
realized as [d]. Table 55 shows the overall results for the target sound in the same five 
words described above: two with the target sound in an unstressed syllable, and three 
with the target sound in a stressed syllable. 
Table 55. Voiced Alveolar Stop /d/ in medial position 
 FOT Burst Duration Pre-Voicing 
 mean n sd mean n sd mean n sd mean n sd 
unstressed 12.4 35 2.9 4.2 35 0.9 72.2 35 21.9 72.2 35 21.9 
stressed 12.2 56 2.7 4.3 56 1.2 80.5 56 29.2 80.5 56 29.2 
overall 12.3 91 2.8 4.2 91 1.1 77.3 91 26.8 77.3 91 26.8  
This table shows that the means for duration and pre-voicing are longer in stressed 
syllables than in unstressed syllables, but the difference is not statistically significant. 
My raw data files show that there is great variation in the production of [d] between 
speakers, especially for FOT and duration. This variation may explain why the values in 
Table 55 are not significantly different for stressed and unstressed environments. Figure 
31 shows the mean of FOT by speaker when [d] is in an unstressed syllable and when it 
is in a stressed syllable. 
87 
 
Figure 31. Mean of FOT by speaker for medial /d/ 
Figure 31 shows that S1 tends to produce the token with shorter FOT whether in a 
stressed or unstressed syllable. The mean for FOT as produced by S4 and S2 is between 
3 and 6 ms longer than the mean of S1. In addition, S1, S4 and S5 have longer FOT for 
the token in stressed syllables, while S2 and S3 have shorter FOT in the same 
environment, though the difference is only 1 ms. This difference in the length of the 
target sound by speaker is more evident when observing the results for duration. Figure 
32 shows the means of duration and pre-voicing by speaker for medial [d] in stressed 
and unstressed environments. 
 
Figure 32. Mean of duration and pre-voicing by speaker for medial /d/ 
The means in this figure show that S1 and S4 produce the target sound in a fairly 
similar way; the same happens with S3 and S5. It is S2 who has very long results for 
duration, both in stressed and unstressed environments. The means for S2 are twice the 
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means of those for S1 and S4. Finally, the overall means for FOT and duration are 
shown by speaker in Figure 33. 
 
Figure 33. Overall mean for FOT and duration by speaker 
The means in Figure 33 again show great variation by speaker. S4 has the shortest 
overall mean for duration, followed by S1. Even though the results for S3 and S5 are 
higher than those of S1 and S4, they are still much lower than those of S2. The overall 
means for FOT vary less, but S1 still has the shortest FOT of only 9 ms, while all others 
are between 12 and 13 ms. 
Comparing the individual values for each speaker it becomes evident that the high 
standard deviations for FOT and duration in Table 55 are related to differences in the 
way in which each of the speakers produces /d/. 
Figure 33 shows that the speakers can be placed in two groups: speakers 1 and 4 in 
one group and Speakers 3 and 5 in another. Speaker 2’s production in this data set is 
quite different than that of all other participants. Considering the results and that the 
speakers themselves perceive a difference in speech, the production of /d/ may indicate 
dialectal variation. 
• For [ð], stress correlates with significant longer duration and pre-voicing. 




CHAPTER 4  
DISCUSSION 
4.1 Label of the second set of stops 
In the various works on Katío phonology mentioned in this thesis, only Mortensen 
(1994) claims there is a set of ejective stops. Unfortunately, the evidence he presents is 
by no means conclusive. First, he admits that “in careful speech ejection is occasionally 
evident but in fast speech voicing may commence before the actual release of the stop” 
(Mortensen 1994:47). This raises the question: If ejection is only occasionally evident, 
how can one say it is the primary characterization for this set of stops?  
Mortensen also states “there were insufficient data to demonstrate the velar stop 
realizing actual phonetic ejection, although the available data were indeed voiceless in 
normal speech” (1994:48). According to Ladefoged and Maddieson (1996:78), velar 
articulations are the most favored for ejective stops, though they can also be found at 
other points of articulation. If there are ejectives in Embera Katío, we would expect to 
find them among the 360 word-medial unaspirated velar stops analyzed in this thesis. 
But, as mentioned in section 3.5.3, out of those 360 tokens, 189 are voiced and realized 
as [ɡ], 70 are fricativized, and only 92 are realized as a voiceless [k] with even the 
possibility of being an ejective. None of these voiceless velar stops, however, prove to 
be an ejective.  
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Mortensen (1994:47) also says that in careful speech the stops are released with a 
short burst which he claims can be identified as an ejective. He doesn’t explain what he 
means by a short burst, but duration is not necessarily evidence of the presence of an 
ejective. In looking at ejectives, we are more concerned with amplitude than with 
length of the burst. According to Ladefoged and Maddieson (1996), when waveforms of 
ejectives and unaspirated stops are compared, ejectives will show a greater amplitude in 
the stop burst due to greater supraglottal pressure at the release.  
I only found thirteen cases at the bilabial and alveolar points of articulation in 
which the burst showed greater amplitude than the other stops in the data. These 
occurrences are shown in Table 56. 
Table 56. Segments where burst had greater amplitude 
  segment S1 S2 S3 S4 S5 
/pi'ka-ta/ /#p/  2   1 
/'te-ta/ /#t/  2 1  2 
/hi'ta-pe/ /Vt/  2 2  1 
Total  0 6 3 0 4  
There were three occurrences for initial /p/ in /piˈka-ta/; five occurrences for initial /t/ 
in /'te-ta/; and five occurrences for medial /t/ in /hiˈta-pe/. The speaker with the most 
instances bursts with greater amplitude is S2 with six, followed by S5 with 4, and S3 
with 3. It may be significant that all speakers who produced a stop with a burst that had 
greater amplitude are from Córdoba. I was not able to hear the ejection in the sound 
files of any of the thirteen cases; neither could three other linguists I consulted with 
who have worked with languages having ejectives.23 Even if these were ejectives, 
                                              
23 My deepest appreciation to Drs. Jim Watters, Jim Roberts, and Anita Bickford for 
patiently listening to a sample of my data files. 
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however, I do not see that thirteen occurrences out of 1,080 voiceless unaspirated 
tokens analyzed provides a basis for naming the second set of stops ejectives. 
Based on these findings and the acoustic evidence I provide, the second set of stops 
in Embera Katío is better characterized as unaspirated. The three series of stops can 
then be characterized with two features as shown in Table 57. 
Table 57. Embera Katío Stop Features for Manner 
 aspirated unaspirated voiced 
spr glottis + – – 
voice – – +  
Mortensen uses three features to characterize the three series of stops, aspirated, 
constricted and voiced as shown in Table 58. 
Table 58. Embera Katío Stop Features for Manner with Mortensen’s analysis 
4.2 Nasality 
and stress 
4.2.1 Influence of nasality 
In the data analyzed in this thesis, duration is significantly shorter and FOT is 
significantly longer after a nasal vowel than after an oral vowel. Table 59 shows the 
influence of a preceding nasal vowel on word-medial stops. The correlations which are 
significant are marked in dark grey, while the instances in which nasal vowels correlate 
with longer measurements, but the differences are not statistically significant, are 
marked in light grey. There is one case (medial /k/, shown in white) in which nasal 
vowels correlate with shorter FOT. Table 59 also includes two target sounds, medial /b/ 
 aspirated unaspirated voiced 
spr glottis + – – 
constr glottis – + – 
voice – – + 
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and medial /d/, which are marked NA since there were no words in the corpus in which 
these voiced target sounds follow a nasal vowel. 
Table 59. Influence of nasal vowels on word-medial stops 
 significantly  shorter duration 
significantly 
longer FOT 
ṽpʰ ✓  
ṽtʰ ✓ ✓ 
ṽkʰ ✓ ✓ 
ṽp ✓ ✓ 
ṽt ✓  
ṽk ✓  
ṽb NA NA 
ṽd NA  NA  
For all target sounds that follow both oral and nasal vowels, a nasal vowel correlates 
with significantly shorter duration. In terms of FOT, there are three cases (medial /tʰ/, 
medial /kʰ/, and medial /p/) in which a nasal vowel correlates with a statistically 
significant longer FOT, and two cases (medial /pʰ/, medial /t/) in which FOT is longer 
in the nasal environment, but the difference is not statistically significant.  
Medial /k/ exhibits a different pattern: While the duration is significantly shorter 
after a nasal vowel than after an oral vowel, as is the case for all other segments, the 
FOT is shorter after a nasal vowel than after an oral vowel. This is counter to the 
corelation obtained for all other segments. This result, however, is suspect because 
there are only three tokens in which /k/ is realized as [k] in a nasal environment, and 
the mean for these three tokens was compared to that of 81 tokens in a non-nasal 
environment. Since this correlation for FOT is not statistically significant, it is likely 
that a larger set of data would reverse this finding. 
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4.2.2 Influence of stress 
Overall, all stops have longer duration and shorter FOT in stressed syllables than in 
unstressed syllables. Voiced stops also have longer pre-voicing in stressed syllables than 
in unstressed syllables. Table 60 shows the correlation of stress and stops. Dark grey 
indicates that the correlation between stress and longer duration or shorter FOT is 
significant, while light grey indicates that the difference is not significant. In this data 
set there are five target sounds which are marked NA since they do not occur in 
contrastive stressed and unstressed environments:  initial /pʰ/, initial /b/, medial /tʰ/, 
medial /p/ and medial /b/. For initial /pʰ/, initial /b/, and medial /b/, this is because 
the target sound only occurs in unstressed syllables, while for medial /tʰ/ this is because 
the target sound only occurs in stressed syllables. Even though medial /p/ could be 
found in both environments, it was only realized as [p] in a stressed syllable.  
Table 60. Influence of stress on stops 
 longer duration shorter FOT 
#pʰ NA NA 
#tʰ ✓  
#kʰ ✓ ✓ 
#p ✓ ✓ 
#t ✓  
#b NA NA 
Vpʰ ✓ ✓ 
Vtʰ NA NA 
Vkʰ ✓ ✓ 
Vp NA NA 
Vt ✓ ✓ 
Vk ✓  
Vb NA NA 
Vd ✓   
Duration is significantly longer in stressed syllables than in unstressed syllables for the 
word-initial stops /tʰ/, /kʰ/, /p/, and /t/, and for the word-medial stops /pʰ/, /kʰ/, /t/, 
/k/, and /d/. FOT is significantly shorter in stressed syllables than in unstressed 
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syllables for initial /kʰ/ and /p/, and for medial /pʰ/, /kʰ/, and /t/. FOT for the rest of 
the target sounds is shorter in stressed syllables than in unstressed syllables, but the 
difference is not significant.   
According to Hayes (1995) stress is characterized by longer duration which is 
consistent with the longer duration of the stops in Katío. However, Cox (2008) states 
that stressed voiceless stops are produced with greater VOT values (in this paper 
identified as FOT) than are unstressed stops. My results contradict this statement 
(although they are not conclusive). 
4.3 Complex Onset 
The data set in this thesis includes five words containing the target sound in a 
complex onset. In three words the target sound is in word-initial position: /ˈtʰɾũ̶-ta/, in a 
stressed syllable; and /tɾũ̶ˈtau̶-ta/ and /kʰɾĩˈtʃa-ta/ in an unstressed syllable. In these 
three words the onset is followed by a nasal vowel. In two words, the target sound is in 
word-medial position: /taˈtʰɾu-ta/ in a stressed syllable, and /pʰiˈɾatɾu/ in an unstressed 
syllable. In these two words, the onset is preceded and followed by an oral vowel. 
The only environment in which a target sound in a complex onset can be compared 
to the same target sound in a simple onset is in word-medial stressed syllables: the 
values for /tʰ/ in /taˈtʰɾu-ta/ can be compared to the values of /tʰ/ in /tʰoˈtʰo-pe/. In 
both words, the target sound is preceded by an oral vowel, is in a stressed syllable, and 
an oral vowel follows the target sound. The results, shown in Table 31, are repeated 
here in Table 61. 
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 Table 61. Simple vs. Complex onset 
 FOT duration 
simple 18.5 119.1 
complex 26.8 88.0 
P 0.0001 0.0003  
In these two words, /tʰ/ has a significantly longer FOT and a significantly shorter 
duration in a complex onset than in a simple onset. 
4.4 Speaker difference 
In this section I look at differences between speakers. The results in Chapter 3 
reveal common patterns between S1 and S4, and different common patterns between S3 
and S5. The patterns for S2 have sometimes been similar to those of S1 and S4, and at 
other times similar to those of S3 and S5. In general, S1 and S4 tend to voice the 
voiceless tokens and fricativize the voiced tokens, whereas S3 and S5 tend to maintain 
voicing. S2 is somewhat in the middle but with very few cases of fricativization. 
The greatest variation has been found in the realization of the unaspirated stops. 
Table 62 gives an overview of this set in word-initial position as realized by each of the 
speakers. Cases of fricativization were so few in this set that they are not included in 
Table 62. 
Table 62. Word-initial unaspirated stops by speaker 
/#p/ /#t/ 
Speaker 
[p] [b]+ [p̌] [t] [d]+ [t]̬ 
S1 23% 87% 20% 80% 
S4 23% 87% 5% 95% 
S2 33% 77% 52% 48% 
S3 50% 50% 60% 40% 
S5 60% 40% 90% 10%  
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This table reveals that for initial /p/, Speakers 1, 4, and 2 pattern together in voicing 
the voiceless target sound. The results for S3 are split 50% for [p] and 50% for the two 
voiced variants [b] and [p̌]. The tendency of S5 is to realize the voiceless bilabial as 
phonetic [p]. For initial unaspirated /t/, Table 62 shows that S1 and S4 again voice the 
voiceless target sound, while S3 and S5 realize /t/ as a voiceless [t]. Once again S2 falls 
between the two groups, but this time shows a slight tendency towards [t] which places 
him with S3 and S5.  
In summarizing the results provided by this table, S1 and S4 clearly voice the 
unaspirated voiceless tokens in initial position, S2 voices the bilabial but not the 
alveolar, while S3 and S5 tend to produce these stops as voiceless [p] and [t]. 
Turning to the unaspirated stops /p/, /t/ and /k/ in word-medial position, in Table 
63 I show that at the bilabial and velar points of articulation, the speakers tend to 
realize the target sound as [+voice], while at the alveolar point of articulation the 
tendencies are split. Cases of fricativization have been included to better understand the 
participants’ variation. 
Table 63. Word-medial unaspirated stops by speaker 
/Vp/ /Vt/ /Vk/ 
Speaker 
[p] [b] [β] [t] [d] [k] [ɡ] [ɣ],[ɣ]̊ 
S1 17% 69% 14% 33% 67% 18% 36% 46% 
S4 0% 89% 11% 17% 83% 12% 69% 17% 
S2 11% 78% 11% 40% 60% 38% 51% 6% 
S3 12% 77% 11% 57% 33% 21% 64% 14% 
S5 33% 56% 11% 77% 23% 39% 42% 15%  
For medial /p/, all speakers tend to voice the target sound, but S5 does it to a lesser 
degree. For medial /t/, once again S1 and S4 pattern together in voicing the voiceless 
target sound, while S3 and S5 pattern together in keeping the target sound voiceless. 
This time S2 shows a tendency similar to S1 and S4 in the production of the target 
sound. For medial /k/ there is greater variation. At the velar point of articulation, S1 
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realizes the target sound as the voiced fricative [ɣ] (voiced or devoiced) more often 
than as the voiced stop [ɡ]. S4 and S3 show a clearer tendency to voice, while S5 and 
S2 tend to voice, but less frequently.  
Table 64 shows the tendencies of the participants in the realization of the voiced 
stops in word-initial and in word-medial position. Cases of fricativization have also been 
included due to the fact that it is a common tendency for some speakers. 
Table 64. Voiced stops by speaker 
/#b/ /Vb/ /Vd/ 
Speaker 
[b] [b]̥ [β] [b] [β] [d] [ð] 
S1 67% 0% 33% 75% 25% 20% 80% 
S4 67% 0% 33% 83% 17% 13% 87% 
S2 63% 10% 20% 100% 0% 90% 3% 
S3 67% 13% 20% 75% 25% 93% 7% 
S5 47% 20% 33% 92% 8% 87% 13%  
This table shows that /b/ is mostly voiced in both word-initial and word-medial 
position. The same pattern was found in the voiceless bilabial unaspirated stops in 
Table 62 and in Table 63. At the alveolar point of articulation S1 and S4 tend to 
fricativize voiced stops, while S2, S3 and S5 pattern together in producing the voiced 
target sound as voiced [d]. 
For completeness, I present the tendencies in the aspirated set, even though it 
shows little variation. The realizations of the aspirated stops in word-initial position are 
shown in Table 65.  
Table 65. Word-initial aspirated stops 
/#pʰ/ /#tʰ/ /#kʰ/ 
Speaker 
[pʰ] [ɸ] [tʰ] [kʰ] [x] 
S1 100% 0% 100% 67% 33% 
S4 98% 2% 100% 94% 6% 
S2 100% 0% 100% 94% 6% 
S3 93% 7% 100% 100% 0% 
S5 100% 0% 100% 100% 0%  
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Table 65 shows that there is very little variation in the production of the aspirated 
stops. The only major variation for word-initial aspirated velar stops is that S1 showed 
some tendency to fricativize, though over half of the tokens were still realized as 
aspirated stops. 
Table 66 shows the tendencies of the speakers in the production of the aspirated 
stops in word-medial position. These results confirm the claim that speakers tend to 
aspirate these stops. 
Table 66. Word-medial aspirated stops 
/Vpʰ/ /Vtʰ/ /Vkʰ/ 
Speaker 
[pʰ] [p] [ɸ] [Vtʰ] [kʰ] [k] [x] 
S1 94% 3% 3% 100% 61% 5% 34% 
S4 56% 22% 22% 100% 95% 3% 0% 
S2 100% 0% 0% 100% 100% 0% 0% 
S3 81% 8% 11% 100% 92% 6% 2% 
S5 89% 11% 0% 100% 90% 7% 3%  
As discussed in Chapter 3, there is greater variation in the production of the target 
sounds when they are in word-medial position. At both the bilabial and velar points of 
articulation there is de-aspiration and fricativization of the target sound. The greatest 
amount of variation is shown by S4 in the bilabials and by S1 in the velars, with a 
tendency to fricativization in each case. 
Speakers from Córdoba and Antioquia recognize that they speak differently and for 
that reason have different names for themselves. Those from Córdoba call themselves 
Koribibi, those from Antioquia call themselves Eyabida. As was mentioned in section 
2.1, S3 and S5 are from Córdoba, while S1 and S4 are from Antioquia. It was also noted 
in section 1.2, when discussing the language affiliation, that S2 lives in Córdoba but 
was raised by his mother who is from Antioquia. According to the evidence provided in 
this chapter, Koribibi and Eyabida seem to have different patterns of speech and S2 
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patterns sometimes with the one group and sometimes with the other. The differences 
are most clearly seen in the realizations of alveolar unaspirated and voiced stops. The 
following table shows the tendencies of all the speakers at the alveolar point of 
articulation in unaspirated and voiced sounds. 
Table 67. Speaker tendencies at the alveolar point of articulation  
/#t/ /Vt/ /Vd/ 
  [-VOICE] [+VOICE] [-VOICE] [+VOICE] [+VOICE] [+CONT] 
S1  ✓  ✓  ✓ 
S4  ✓  ✓  ✓ 
S2 ✓   ✓ ✓  
S3 ✓  ✓  ✓  
S5 ✓  ✓  ✓   
This table shows very clearly how S1 and S4 pattern together with a tendency to voice 
and fricativize, while S3 and S3 pattern together with a tendency to keep the sounds 
with their original voice feature. The results for S2 are shaded light grey to better show 
his tendencies. 
4.5 Patterns in the language 
This section shows overall patterns in the production of the stops in the Embera 
Katío language. Figure 34 shows the mean for FOT when the target sound is in word-
medial position in a simple onset preceded by an oral vowel. Values for stops in stressed 




Figure 34. Means for FOT in word-medial position 
The unstressed set of stops is missing the /tʰ/, /p/, /t/ and /k/, which only occur in 
stressed syllables in my data. The stressed set of voiced stops is completely missing 
because voiced stops only occur in unstressed syllables in my data. Figure 34 shows that 
the FOT is always shorter – even if by only one millisecond – at the bilabial place of 
articulation. Next is the mean FOT for the alveolar place of articulation, and the longest 
FOT is at the velar place of articulation. 
Maddieson (1999:631) notes that this is a common pattern in different languages. 
He provides the example of English data in Byrd (1993) that agrees with this, though 
the difference between the velars and the other points of articulation is considerably 
greater in Katío than in English. Ladefoged & Maddieson (1996) claim that a possible 
reason for a longer VOT in velar stops is because a greater area of the articulator is in 
contact with the place of articulation, so it takes a longer period of time for the point of 
contact to separate. This means that the high intraoral pressure is dissipated more 
slowly at the release of a velar stop than at the release of a bilabial. 
I now compare the means for duration when the target sound is in word-medial 
position.  Figure 35 shows a pattern opposite from the one displayed by FOT. Once 
again, values for stops in stressed syllables are shaded dark grey; values for stops in 
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unstressed syllables are shaded light grey. The same gaps in the data noted for Figure 
34 are evident in this figure. 
 
Figure 35. Means for duration in word-medial position 
For each of the manners of articulation duration is the longest at the bilabial place of 
articulation, followed by the alveolars, and then the velars with the shortest mean for 
duration. Maddieson (1999:630) says that these results can be explained by the time it 
takes for the intraoral pressure to equalize with pulmonic pressure during the closure of 
the stop. In other words, the stop is not released until the intraoral pressure reaches the 
same level as the pulmonic pressure. This takes longer for the bilabials than it does for 
the alveolars, and it takes longer for the alveolars than it does for the velars. 
The next two figures show the results for the voiceless stops in word-initial 
position. Figure 36 shows the means for FOT when the target sound is in word-initial 




Figure 36. Means for FOT in word-initial position 
As indicated in Chapter 3, /k/ does not occur in word-initial position. The stressed set 
does not include /pʰ/, since it does not occur word-initially in stressed syllables in my 
data. This figure confirms the word-medial patterns for FOT. The target sound is 
generally shorter at the bilabial point of articulation than at the alveolar, which in turn 
is shorter at the velar point of articulation. The only violation of this pattern is that the 
word-initial aspirated stop /pʰ/ shows a larger FOT than the /tʰ/ does. This is not 
unexpected; as Maddieson (1999:631) states: “Since many factors affect durations, and 
there are also language-specific positional variations in stops to consider, it is often the 
case that inconsistent rankings are found even within a single language.” 
Figure 37 shows the means for duration in word-initial position. 
 
Figure 37. Means for duration in word-initial position 
This table also confirms the word-medial pattern for duration, where the means for the 
bilabials are longer than those at the alveolar and velar places of articulation. Once 
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again, the only violation of this pattern is that /pʰ/ has a much shorter mean for 
duration than any of the other segments.  
Summarizing the results of this section, while the means for FOT increase, the 
means for duration decrease as the sound is produced farther back in the oral cavity. 
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CHAPTER 5  
CONCLUSION 
5.1 Summary 
Based on the results of the acoustic analysis of Embera Katío stops I have drawn 
four conclusions: 
First, I have provided ample acoustic evidence to agree with Mortensen (1994; 
1999) that Embera Katío has three series of stops, but have also shown that in the 
variants of Antioquia and Córdoba there are no ejective stops. Given the fact that 
Mortensen’s evidence for the presence of ejectives in the variant of Chocó is not 
conclusive, I think it is more appropriate to characterize the second set of stops as 
unaspirated. I conclude that the three series of stops are: aspirated, unaspirated and 
voiced.  
This study has also shown clear indications of systematic variation between the 
Katío spoken in Córdoba and the Katío spoken in Antioquia. Speakers of Antioquia tend 
to voice the voiceless stops and tend to fricativize the unaspirated and voiced stops 
more often than do the speakers in Córdoba.  
Stops are influenced by preceding nasal vowels and by stress in Embera Katío. 
Duration of the stop is shorter and the FOT is longer when a stop is preceded by a nasal 
vowel than when it is preceded by an oral vowel. Conversely, duration is longer and 
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FOT is shorter when a stop is in a stressed syllable than when it is in an unstressed 
syllable.  
Finally, velar stops have the shortest duration, followed by alveolars, and then 
bilabials with the longest duration. The FOT means are the inverse, being the longest 
for bilabials, then for alveolars and finally for velar stops with the shortest FOT. These 
findings follow widespread tendencies in the world’s languages. 
5.2 Areas for further research 
5.2.1 Prenasalization. 
As mentioned in section 1.3, Mortensen (1999) claims that voiceless aspirated stops 
become pre-nasalized and may show partial voicing. Though his claim holds for many 
cases where a voiceless stop is preceded by a nasal vowel, I have found many other 
cases, as shown in (21), where nasality does not produce a nasal homorganic with the 
following stop.  
(21) a.  /taˈma-ta/ [taˈmãta] ‘snake-abs’ 
 b. /pʰepʰeˈna-ta/ [pʰepʰeˈnãta] ‘fan-abs’ 
 c. /põpõˈɾa-ta/ [põᵐpõˈɳãta] ‘owl-abs’ 
 d. /ʤũmakʰĩˈɾã-ta/ [ʤũmãkʰĩˈɳã-ⁿta]24 ‘man-abs’  
It is unclear why nasality produces a homorganic nasal in some forms but not in others. 
                                              
24 The word /ʤũmakʰĩˈɾã-ta/ is alternatively /ũmãkʰĩrã-ta/ and consists of the 
morphemes /em-/ ‘??’, /kʰoy-/ ‘man’ (Lowen 1963:245), /tʃu-/ ‘positional stem’ and 
/-ɾã/ ‘plural’ (Mortensen 1999). 
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5.2.2 Syllable structure 
CVV sequences are attested, but they seem to display two different stress patterns. 
In the word [ˈpa.nia] ‘water’, the stress falls on the penultimate syllable, assuming the 
vowel sequence is a rising dipthong, and therefore a single syllable. In [tɾũ̶.ˈtau̶] the 
stress is on the ultimate syllable, assuming the vowel sequence is a falling dipthong. 
When adding a suffix, such as the absolutive case marker, both words exhibit 
penultimate stress as is shown in example (22).  
(22)  a. /ˈpania/ [ˈpa.nia] *[pa.ˈni.a] 
/paˈnia-ta/ [pa.ˈnia.ta] *[pa.ni.ˈa.ta] 
 b. /tɾũ̶ˈtau̶/ [tɾũ̶.ˈtau̶] 
/tɾũ̶ˈtau̶-ta/ [tɾũ̶.ˈtau̶.ta] *[tɾũ̶.ta.ˈu̶.ta] 
Harms (1984:172) discusses this issue in Epena Saija and analyzes a two-vowel 
sequence as a complex nucleus in a single syllable which could be CVV. This would 
explain [tɾũ̶.ˈtau̶.ta], and CVV would explain [pa.ˈnia.ta]. 
But the words /po.ɾe.ˈkea/ ‘something ripe’, /o.ɾe.ˈkea/ ‘gone sour’, and 
/pʰe.we.ˈdea/  ‘something sharp’, exhibit another pattern. In isolation, stress is syllable 
final and it falls on the first vowel of the complex nucleus. When the words carry the 
absolutive case marker, they all exhibit penultimate stress, but the stress falls on the 
second vowel of the complex nucleus and it allows a syllable break, as shown in 
example (23).  
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(23)  a. /po.ɾe.ˈkea/  /po.ɾe.ke.ˈa.ta/  */po.ɾe.ˈkea.ta/ 
 b. /o.ɾe.ˈkea/  /o.ɾe.ke.ˈa.ta/  */po.ɾe.ˈkea.ta/ 
 c. /pʰe.we.ˈdea/  /pʰe.we.de.ˈa.ta/  */pʰe.we.ˈdea.ta 
5.2.3 Source of speaker difference 
This paper has shown clear indications of dialectal variation at the phonetic level 
between the Katío spoken in Antioquia and the Katío spoken in Córdoba. This data 
should be compared with data from Katío speakers of Chocó to see if they pattern with 
either one of these groups. Study is also needed to determine whether the dialectal 





APPENDIX A  
DATA FILES: WORD-INITIAL BILABIAL ASPIRATED /pʰ/ 
Word FOT Burst Duration Pre-V Spkr Variant 
pʰa'kʰa-ta 24 5 98 0 S1-1 pʰ 
pʰa'kʰa-ta 44 5 102 0 S1-2 pʰ 
pʰa'kʰa-ta 21 5  0 S1-3 pʰ 
pʰa'kʰa-ta 40 3  0 S1-4 pʰ 
pʰa'kʰa-ta 28 7  0 S1-5 pʰ 
pʰa'kʰa-ta 29 5 83 0 S1-6 pʰ 
pʰa'kʰa-ta 37 8 131 0 S2-1 pʰ 
pʰa'kʰa-ta 49 5 129 0 S2-2 pʰ 
pʰa'kʰa-ta 39 6 132 0 S2-3 pʰ 
pʰa'kʰa-ta 37 5 100 0 S2-4 pʰ 
pʰa'kʰa-ta 22 7 114 0 S2-5 pʰ 
pʰa'kʰa-ta 31 5 72 0 S2-6 pʰ 
pʰa'kʰa-ta 33 4  0 S3-1 pʰ 
pʰa'kʰa-ta 30 9  0 S3-2 pʰ 
pʰa'kʰa-ta 26 8  0 S3-3 pʰ 
pʰa'kʰa-ta 32 6  0 S3-4 pʰ 
pʰa'kʰa-ta 28 8 68 0 S3-5 pʰ 
pʰa'kʰa-ta 22 7 87 0 S4-1 pʰ 
pʰa'kʰa-ta 15 5 106 0 S4-2 pʰ 
pʰa'kʰa-ta 17 7 61 0 S4-3 pʰ 
pʰa'kʰa-ta 34 6 35 0 S4-4 pʰ 
pʰa'kʰa-ta 13 5 40 0 S4-5 pʰ 
pʰa'kʰa-ta 31 5  0 S4-6 pʰ 
pʰa'kʰa-ta 30 7 80 0 S5-1 pʰ 
pʰa'kʰa-ta 35 6 123 0 S5-2 pʰ 
pʰa'kʰa-ta 22 5  0 S5-3 pʰ 
pʰa'kʰa-ta 29 5 48 0 S5-4 pʰ 
pʰa'kʰa-ta 28 6 69 0 S5-5 pʰ 
pʰa'kʰa-ta 25 5 58 0 S5-6 pʰ 
pʰa'pʰa-ta 22 3  0 S2-1 pʰ 
pʰa'pʰa-ta 47 5 51 0 S2-2 pʰ 
pʰa'pʰa-ta 39 5 49 0 S2-3 pʰ 
pʰa'pʰa-ta 28 5 54 0 S2-4 pʰ 
pʰa'pʰa-ta 39 6 103 0 S2-5 pʰ 
pʰa'pʰa-ta 18 7 70 0 S2-6 pʰ 
pʰa'pʰa-ta 32 5  0 S3-1 pʰ 
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Word FOT Burst Duration Pre-V Spkr Variant 
pʰa'pʰa-ta 25 8 65 0 S3-2 pʰ 
pʰa'pʰa-ta 24 6  0 S3-3 pʰ 
pʰa'pʰa-ta 24 6  0 S3-4 pʰ 
pʰa'pʰa-ta 16 4 58 0 S3-5 pʰ 
pʰa'pʰa-ta 34 4 40 0 S3-6 pʰ 
pʰa'pʰa-ta 10 5 70 0 S4-1 pʰ 
pʰa'pʰa-ta 30 5 56 0 S4-2 pʰ 
pʰa'pʰa-ta 17 4 75 0 S4-3 pʰ 
pʰa'pʰa-ta 23 6 55 0 S4-4 pʰ 
pʰa'pʰa-ta 18 6  0 S4-5 pʰ 
pʰa'pʰa-ta 18 4 62 0 S4-6 pʰ 
pʰa'pʰa-ta 25 8 83 0 S5-1 pʰ 
pʰa'pʰa-ta 20 7 76 0 S5-2 pʰ 
pʰa'pʰa-ta 21 4 68 0 S5-3 pʰ 
pʰa'pʰa-ta 23 4 64 0 S5-4 pʰ 
pʰa'pʰa-ta 15 5 44 0 S5-5 pʰ 
pʰa'pʰa-ta 21 5 29 0 S5-6 pʰ 
pʰa'pʰa-ta 23 4 136 0 S1-1 pʰ 
pʰa'pʰa-ta 20 6 132 0 S1-2 pʰ 
pʰa'pʰa-ta 19 5 150 0 S1-3 pʰ 
pʰa'pʰa-ta 20 6 115 0 S1-4 pʰ 
pʰa'pʰa-ta 19 5 50 0 S1-5 pʰ 
pʰa'pʰa-ta 28 5 35 0 S1-6 pʰ 
pʰa'ta-ta 28 5  0 S2-1 pʰ 
pʰa'ta-ta 57 6  0 S2-2 pʰ 
pʰa'ta-ta 23 9  0 S2-3 pʰ 
pʰa'ta-ta 44 6 75 0 S2-4 pʰ 
pʰa'ta-ta 32 8 70 0 S2-5 pʰ 
pʰa'ta-ta 16 6 120 0 S2-6 pʰ 
pʰa'ta-ta 26 2  0 S3-1 pʰ 
pʰa'ta-ta 25 6 113 0 S3-2 pʰ 
pʰa'ta-ta 34 9  0 S3-3 pʰ 
pʰa'ta-ta 27 7  0 S3-4 pʰ 
pʰa'ta-ta 17 6 60 0 S3-5 pʰ 
pʰa'ta-ta 46 5 48 0 S3-6 pʰ 
pʰa'ta-ta 19 4  0 S4-1 pʰ 
pʰa'ta-ta 35 7 110 0 S4-2 pʰ 
pʰa'ta-ta 17 5 95 0 S4-3 pʰ 
pʰa'ta-ta 29 7 71 0 S4-4 pʰ 
pʰa'ta-ta 27 6 58 0 S4-5 pʰ 
pʰa'ta-ta 39 7 75 0 S4-6 pʰ 
pʰa'ta-ta 14 5 88 0 S5-1 pʰ 
pʰa'ta-ta 23 4 118 0 S5-2 pʰ 
pʰa'ta-ta 36 9 103 0 S5-3 pʰ 
pʰa'ta-ta 15 4 51 0 S5-4 pʰ 
pʰa'ta-ta 19 5 102 0 S5-5 pʰ 
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Word FOT Burst Duration Pre-V Spkr Variant 
pʰa'ta-ta 29 5 92 0 S5-6 pʰ 
pʰa'ta-ta 27 5 81 0 S1-1 pʰ 
pʰa'ta-ta 19 5 139 0 S1-2 pʰ 
pʰa'ta-ta 21 6 116 0 S1-3 pʰ 
pʰa'ta-ta 37 3 101 0 S1-4 pʰ 
pʰa'ta-ta 20 8 61 0 S1-5 pʰ 
pʰa'ta-ta 26 6 74 0 S1-6 pʰ 
pʰepʰe'na-ta 22 5  0 S2-1 pʰ 
pʰepʰe'na-ta 26 5 95 0 S2-2 pʰ 
pʰepʰe'na-ta 43 5  0 S2-3 pʰ 
pʰepʰe'na-ta 27 5 60 0 S2-4 pʰ 
pʰepʰe'na-ta 24 7 98 0 S2-5 pʰ 
pʰepʰe'na-ta 16 5 23 0 S2-6 pʰ 
pʰepʰe'na-ta 32 5  0 S3-1 pʰ 
pʰepʰe'na-ta 27 5  0 S3-2 pʰ 
pʰepʰe'na-ta 24 5  0 S3-3 pʰ 
pʰepʰe'na-ta 18 6  0 S3-4 pʰ 
pʰepʰe'na-ta 46 4 21 0 S3-5 pʰ 
pʰepʰe'na-ta 19 3 56 0 S4-1 pʰ 
pʰepʰe'na-ta 25 4 93 0 S4-2 pʰ 
pʰepʰe'na-ta 19 7 48 0 S4-3 pʰ 
pʰepʰe'na-ta 17 9 28 0 S4-4 pʰ 
pʰepʰe'na-ta 22 4 36 0 S4-5 pʰ 
pʰepʰe'na-ta 20 5 22 0 S4-6 pʰ 
pʰepʰe'na-ta 18 5 79 0 S5-1 pʰ 
pʰepʰe'na-ta 12 5 80 0 S5-2 pʰ 
pʰepʰe'na-ta 21 4 75 0 S5-3 pʰ 
pʰepʰe'na-ta 25 3  0 S5-4 pʰ 
pʰepʰe'na-ta 22 4 34 0 S5-5 pʰ 
pʰepʰe'na-ta 17 4  0 S5-6 pʰ 
pʰepʰe'na-ta 29 8 69 0 S1-1 pʰ 
pʰepʰe'na-ta 28 5 57 0 S1-2 pʰ 
pʰepʰe'na-ta 29 5 78 0 S1-3 pʰ 
pʰepʰe'na-ta 28 8 33 0 S1-4 pʰ 
pʰepʰe'na-ta 29 5 59 0 S1-5 pʰ 
pʰepʰe'na-ta 27 5 30 0 S1-6 pʰ 
pʰewede'a-ta 30 5  0 S2-1 pʰ 
pʰewede'a-ta 23 5 64 0 S2-2 pʰ 
pʰewede'a-ta 30 8 72 0 S2-3 pʰ 
pʰewede'a-ta 19 8 77 0 S2-4 pʰ 
pʰewede'a-ta 23 9 60 0 S2-5 pʰ 
pʰewede'a-ta 26 6 106 0 S2-6 pʰ 
pʰewede'a-ta 34 0  0 S3-1 pʰ 
pʰewede'a-ta 27 3 78 0 S3-2 pʰ 
pʰewede'a-ta 23 5  0 S3-4 pʰ 
pʰewede'a-ta 27 3  0 S3-5 pʰ 
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Word FOT Burst Duration Pre-V Spkr Variant 
pʰewede'a-ta 32 5 132 0 S3-6 pʰ 
pʰewede'a-ta 19 6 87 0 S4-1 pʰ 
pʰewede'a-ta 51 6 96 0 S4-2 pʰ 
pʰewede'a-ta 24 4 63 0 S4-3 pʰ 
pʰewede'a-ta 35 7 32 0 S4-4 pʰ 
pʰewede'a-ta 35 5 119 0 S4-5 pʰ 
pʰewede'a-ta 21 5 128 0 S4-6 pʰ 
pʰewede'a-ta 18 4 63 0 S5-1 pʰ 
pʰewede'a-ta 21 8 76 0 S5-2 pʰ 
pʰewede'a-ta 20 3 82 0 S5-3 pʰ 
pʰewede'a-ta 29 5 49 0 S5-4 pʰ 
pʰewede'a-ta 27 5 55 0 S5-5 pʰ 
pʰewede'a-ta 22 5 114 0 S5-6 pʰ 
pʰewede'a-ta 35 5  0 S1-1 pʰ 
pʰewede'a-ta 29 5 87 0 S1-2 pʰ 
pʰewede'a-ta 31 7 117 0 S1-3 pʰ 
pʰewede'a-ta 19 5 183 0 S1-4 pʰ 
pʰewede'a-ta 17 8 118 0 S1-5 pʰ 
pʰewede'a-ta 24 5 145 0 S1-6 pʰ 
pʰi'ɾatru 33 4 49 0 S2-1 pʰ 
pʰi'ɾatru 35 4 53 0 S2-2 pʰ 
pʰi'ɾatru 30 7 47 0 S2-3 pʰ 
pʰi'ɾatru 32 8 69 0 S2-4 pʰ 
pʰi'ɾatru 39 6 35 0 S2-5 pʰ 
pʰi'ɾatru 36 5 108 0 S2-6 pʰ 
pʰi'ɾatru 32 7  0 S3-1 pʰ 
pʰi'ɾatru 33 5  0 S3-2 pʰ 
pʰi'ɾatru 35 5  0 S3-3 pʰ 
pʰi'ɾatru 20 8  0 S3-4 pʰ 
pʰi'ɾatru 25 7 72 0 S3-5 pʰ 
pʰi'ɾatru 32 5 107 0 S3-6 pʰ 
pʰi'ɾatru 25 6  0 S4-1 pʰ 
pʰi'ɾatru 38 4 51 0 S4-2 pʰ 
pʰi'ɾatru 36 5 45 0 S4-3 pʰ 
pʰi'ɾatru 40 5 53 0 S4-4 pʰ 
pʰi'ɾatru 23 6 47 0 S4-5 pʰ 
pʰi'ɾatru 21 4 21 0 S4-6 pʰ 
pʰi'ɾatru 23 4  0 S5-1 pʰ 
pʰi'ɾatru 25 6 91 0 S5-2 pʰ 
pʰi'ɾatru 32 5 57 0 S5-3 pʰ 
pʰi'ɾatru 34 4 50 0 S5-4 pʰ 
pʰi'ɾatru 30 4 90 0 S5-5 pʰ 
pʰi'ɾatru 23 6 45 0 S5-6 pʰ 
pʰi'ɾatru 26 4 59 0 S1-1 pʰ 
pʰi'ɾatru 33 4 64 0 S1-2 pʰ 
pʰi'ɾatru 31 8 52 0 S1-3 pʰ 
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pʰi'ɾatru 30 4  0 S1-4 pʰ 
pʰi'ɾatru 29 7 110 0 S1-5 pʰ 
pʰi'ɾatru 32 6 69 0 S1-6 pʰ 
pʰõ'ka-ta 55 5 64 0 S2-1 pʰ 
pʰõ'ka-ta 44 5 67 0 S2-2 pʰ 
pʰõ'ka-ta 28 5 59 0 S2-3 pʰ 
pʰõ'ka-ta 53 4 62 0 S2-4 pʰ 
pʰõ'ka-ta 30 6 67 0 S2-5 pʰ 
pʰõ'ka-ta 32 5 46 0 S2-6 pʰ 
pʰõ'ka-ta 48 5  0 S3-1 pʰ 
pʰõ'ka-ta 52 6 65 0 S3-2 pʰ 
pʰõ'ka-ta 33 7 60 0 S3-3 pʰ 
pʰõ'ka-ta 51 5 35 0 S3-4 pʰ 
pʰõ'ka-ta 25 7 59 0 S3-5 pʰ 
pʰõ'ka-ta 39 6 83 0 S3-6 pʰ 
pʰõ'ka-ta 34 3 98 0 S4-1 pʰ 
pʰõ'ka-ta 8 4 95 0 S4-3 pʰ 
pʰõ'ka-ta 23 5  0 S4-4 pʰ 
pʰõ'ka-ta 26 3 40 0 S4-5 pʰ 
pʰõ'ka-ta 27 4 35 0 S4-6 pʰ 
pʰõ'ka-ta 39 4 90 0 S5-1 pʰ 
pʰõ'ka-ta 33 5 105 0 S5-2 pʰ 
pʰõ'ka-ta 44 3 123 0 S5-3 pʰ 
pʰõ'ka-ta 44 8 80 0 S5-4 pʰ 
pʰõ'ka-ta 24 5 33 0 S5-5 pʰ 
pʰõ'ka-ta 54 5 89 0 S5-6 pʰ 
pʰõ'ka-ta 34 6  0 S1-1 pʰ 
pʰõ'ka-ta 39 5  0 S1-2 pʰ 
pʰõ'ka-ta 24 5 65 0 S1-3 pʰ 
pʰõ'ka-ta 41 5 68 0 S1-4 pʰ 
pʰõ'ka-ta 42 4 62 0 S1-5 pʰ 
pʰõ'ka-ta 39 7 48 0 S1-6 pʰ 
pʰa'kʰa-ta 0 0 42 0 S3-6 ɸ 
pʰepʰe'na-ta 0 0 34 0 S3-6 ɸ 
pʰewede'a-ta 0 0  0 S3-3 ɸ 
pʰõ'ka-ta 0 0 118 0 S4-2 ɸ 
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APPENDIX B  
DATA FILES: WORD-INITIAL ALVEOLAR ASPIRATED /tʰ/ 
Word FOT Burst Duration Pre-V Spkr Variant 
tʰrʉ̃-ta 29 8 129 0 S1-1 tʰ 
tʰrʉ̃-ta 23 7 145 0 S1-2 tʰ 
tʰrʉ̃-ta 24 6 126 0 S1-3 tʰ 
tʰrʉ̃-ta 24 6  0 S1-4 tʰ 
tʰrʉ̃-ta 29 5  0 S1-5 tʰ 
tʰrʉ̃-ta 32 7 117 0 S1-6 tʰ 
tʰrʉ̃-ta 19 8 106 0 S2-1 tʰ 
tʰrʉ̃-ta 22 5  0 S2-2 tʰ 
tʰrʉ̃-ta 27 5 108 0 S2-3 tʰ 
tʰrʉ̃-ta 25 6 148 0 S2-4 tʰ 
tʰrʉ̃-ta 23 7 109 0 S2-5 tʰ 
tʰrʉ̃-ta 29 5 118 0 S2-6 tʰ 
tʰrʉ̃-ta 19 7 132 0 S3-1 tʰ 
tʰrʉ̃-ta 21 9 134 0 S3-2 tʰ 
tʰrʉ̃-ta 23 9  0 S3-3 tʰ 
tʰrʉ̃-ta 24 8 134 0 S3-4 tʰ 
tʰrʉ̃-ta 19 9  0 S3-5 tʰ 
tʰrʉ̃-ta 22 8  0 S3-6 tʰ 
tʰrʉ̃-ta 13 9 78 0 S4-1 tʰ 
tʰrʉ̃-ta 14 8 132 0 S4-2 tʰ 
tʰrʉ̃-ta 12 7 115 0 S4-3 tʰ 
tʰrʉ̃-ta 13 8 157 0 S4-4 tʰ 
tʰrʉ̃-ta 15 4 159 0 S4-5 tʰ 
tʰrʉ̃-ta 19 8 99 0 S4-6 tʰ 
tʰrʉ̃-ta 24 6 116 0 S5-1 tʰ 
tʰrʉ̃-ta 26 7 120 0 S5-2 tʰ 
tʰrʉ̃-ta 23 8 118 0 S5-3 tʰ 
tʰrʉ̃-ta 20 7 111 0 S5-4 tʰ 
tʰrʉ̃-ta 22 6 114 0 S5-5 tʰ 
tʰrʉ̃-ta 25 5 117 0 S5-6 tʰ 
tʰu-pʰe 32 8 104 0 S1-1 tʰ 
tʰu-pʰe 31 8  0 S1-2 tʰ 
tʰu-pʰe 25 7 168 0 S1-3 tʰ 
tʰu-pʰe 23 7 135 0 S1-4 tʰ 
tʰu-pʰe 21 8 149 0 S1-5 tʰ 
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tʰu-pʰe 44 8 123 0 S1-6 tʰ 
tʰu-pʰe 22 8  0 S2-1 tʰ 
tʰu-pʰe 20 8 119 0 S2-2 tʰ 
tʰu-pʰe 27 9 132 0 S2-3 tʰ 
tʰu-pʰe 23 5 110 0 S2-4 tʰ 
tʰu-pʰe 20 7 127 0 S2-5 tʰ 
tʰu-pʰe 18 8 169 0 S2-6 tʰ 
tʰu-pʰe 18 7 139 0 S3-1 tʰ 
tʰu-pʰe 22 7 132 0 S3-2 tʰ 
tʰu-pʰe 22 8 153 0 S3-3 tʰ 
tʰu-pʰe 19 9 156 0 S3-4 tʰ 
tʰu-pʰe 18 7 148 0 S3-5 tʰ 
tʰu-pʰe 24 9 138 0 S3-6 tʰ 
tʰu-pʰe 20 9 149 0 S4-1 tʰ 
tʰu-pʰe 20 8 167 0 S4-2 tʰ 
tʰu-pʰe 15 6 150 0 S4-3 tʰ 
tʰu-pʰe 16 7 143 0 S4-4 tʰ 
tʰu-pʰe 21 7 147 0 S4-5 tʰ 
tʰu-pʰe 16 10 132 0 S4-6 tʰ 
tʰu-pʰe 23 6 122 0 S5-1 tʰ 
tʰu-pʰe 23 8 154 0 S5-2 tʰ 
tʰu-pʰe 27 6 129 0 S5-3 tʰ 
tʰu-pʰe 28 7 118 0 S5-4 tʰ 
tʰu-pʰe 22 7 102 0 S5-5 tʰ 
tʰu-pʰe 30 8 118 0 S5-6 tʰ 
tʰa'ʧi-ta 28 6  0 S1-1 tʰ 
tʰa'ʧi-ta 27 7 126 0 S1-2 tʰ 
tʰa'ʧi-ta 27 5 136 0 S1-3 tʰ 
tʰa'ʧi-ta 27 7 114 0 S1-4 tʰ 
tʰa'ʧi-ta 24 7 104 0 S1-5 tʰ 
tʰa'ʧi-ta 19 7 84 0 S1-6 tʰ 
tʰa'ʧi-ta 22 7  0 S2-1 tʰ 
tʰa'ʧi-ta 27 8 124 0 S2-2 tʰ 
tʰa'ʧi-ta 26 7  0 S2-3 tʰ 
tʰa'ʧi-ta 27 9  0 S2-4 tʰ 
tʰa'ʧi-ta 18 8  0 S2-5 tʰ 
tʰa'ʧi-ta 19 12 137 0 S2-6 tʰ 
tʰa'ʧi-ta 27 6  0 S3-1 tʰ 
tʰa'ʧi-ta 21 6  0 S3-2 tʰ 
tʰa'ʧi-ta 23 7  0 S3-3 tʰ 
tʰa'ʧi-ta 19 8  0 S3-4 tʰ 
tʰa'ʧi-ta 29 5 154 0 S3-5 tʰ 
tʰa'ʧi-ta 27 5 125 0 S3-6 tʰ 
tʰa'ʧi-ta 19 7 100 0 S4-1 tʰ 
tʰa'ʧi-ta 36 7 106 0 S4-2 tʰ 
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tʰa'ʧi-ta 15 6 153 0 S4-3 tʰ 
tʰa'ʧi-ta 25 5 118 0 S4-4 tʰ 
tʰa'ʧi-ta 26 5  0 S4-5 tʰ 
tʰa'ʧi-ta 18 5 93 0 S4-6 tʰ 
tʰa'ʧi-ta 29 8 102 0 S5-1 tʰ 
tʰa'ʧi-ta 27 6 106 0 S5-2 tʰ 
tʰa'ʧi-ta 28 7 94 0 S5-3 tʰ 
tʰa'ʧi-ta 29 8 112 0 S5-4 tʰ 
tʰa'ʧi-ta 25 8 99 0 S5-5 tʰ 
tʰa'ʧi-ta 20 5 89 0 S5-6 tʰ 
tʰo'tʰo-pe 24 7 136 0 S1-1 tʰ 
tʰo'tʰo-pe 28 6 120 0 S1-2 tʰ 
tʰo'tʰo-pe 28 6 168 0 S1-3 tʰ 
tʰo'tʰo-pe 26 6 165 0 S1-4 tʰ 
tʰo'tʰo-pe 30 8 170 0 S1-5 tʰ 
tʰo'tʰo-pe 25 6 107 0 S1-6 tʰ 
tʰo'tʰo-pe 26 8 115 0 S2-1 tʰ 
tʰo'tʰo-pe 24 8 137 0 S2-2 tʰ 
tʰo'tʰo-pe 28 7 152 0 S2-3 tʰ 
tʰo'tʰo-pe 25 8 118 0 S2-4 tʰ 
tʰo'tʰo-pe 26 6 118 0 S2-5 tʰ 
tʰo'tʰo-pe 23 6 119 0 S2-6 tʰ 
tʰo'tʰo-pe 29 8 130 0 S3-1 tʰ 
tʰo'tʰo-pe 29 8 129 0 S3-2 tʰ 
tʰo'tʰo-pe 28 8  0 S3-3 tʰ 
tʰo'tʰo-pe 18 8 115 0 S3-4 tʰ 
tʰo'tʰo-pe 23 7  0 S3-5 tʰ 
tʰo'tʰo-pe 25 8 118 0 S3-6 tʰ 
tʰo'tʰo-pe 20 8  0 S4-1 tʰ 
tʰo'tʰo-pe 21 9  0 S4-2 tʰ 
tʰo'tʰo-pe 18 7 123 0 S4-3 tʰ 
tʰo'tʰo-pe 18 8 102 0 S4-4 tʰ 
tʰo'tʰo-pe 20 6 119 0 S4-5 tʰ 
tʰo'tʰo-pe 22 7 88 0 S4-6 tʰ 
tʰo'tʰo-pe 21 6 116 0 S5-1 tʰ 
tʰo'tʰo-pe 20 7 130 0 S5-2 tʰ 
tʰo'tʰo-pe 20 6 101 0 S5-3 tʰ 
tʰo'tʰo-pe 20 7 86 0 S5-4 tʰ 
tʰo'tʰo-pe 20 5 79 0 S5-5 tʰ 
tʰo'tʰo-pe 20 5 105 0 S5-6 tʰ 
tʰʉpʉ-ta 33 6 123 0 S1-1 tʰ 
tʰʉpʉ-ta 24 6  0 S1-2 tʰ 
tʰʉpʉ-ta 34 7 151 0 S1-3 tʰ 
tʰʉpʉ-ta 30 8 114 0 S1-4 tʰ 
tʰʉpʉ-ta 41 9  0 S1-5 tʰ 
117 
Word FOT Burst Duration Pre-V Spkr Variant 
tʰʉpʉ-ta 40 10 104 0 S1-6 tʰ 
tʰʉpʉ-ta 20 8 115 0 S2-1 tʰ 
tʰʉpʉ-ta 28 8  0 S2-2 tʰ 
tʰʉpʉ-ta 23 9 104 0 S2-3 tʰ 
tʰʉpʉ-ta 27 9 111 0 S2-4 tʰ 
tʰʉpʉ-ta 30 6 150 0 S2-5 tʰ 
tʰʉpʉ-ta 22 8 88 0 S2-6 tʰ 
tʰʉpʉ-ta 20 7 132 0 S3-1 tʰ 
tʰʉpʉ-ta 29 9  0 S3-2 tʰ 
tʰʉpʉ-ta 25 9 136 0 S3-3 tʰ 
tʰʉpʉ-ta 26 7 131 0 S3-4 tʰ 
tʰʉpʉ-ta 23 7 151 0 S3-5 tʰ 
tʰʉpʉ-ta 23 6 166 0 S3-6 tʰ 
tʰʉpʉ-ta 18 7  0 S4-1 tʰ 
tʰʉpʉ-ta 22 7 112 0 S4-2 tʰ 
tʰʉpʉ-ta 20 8 123 0 S4-3 tʰ 
tʰʉpʉ-ta 20 8 112 0 S4-4 tʰ 
tʰʉpʉ-ta 17 7 135 0 S4-5 tʰ 
tʰʉpʉ-ta 17 8 124 0 S4-6 tʰ 
tʰʉpʉ-ta 22 8 105 0 S5-1 tʰ 
tʰʉpʉ-ta 33 9 102 0 S5-2 tʰ 
tʰʉpʉ-ta 39 8 103 0 S5-3 tʰ 
tʰʉpʉ-ta 30 8  0 S5-4 tʰ 
tʰʉpʉ-ta 19 8  0 S5-5 tʰ 
tʰʉpʉ-ta 32 5 83 0 S5-6 tʰ 
 
118 
APPENDIX C  
DATA FILES: WORD-INITIAL VELAR ASPIRATED /kʰ/ 
Word FOT Burst Duration Pre-V Spkr Variant 
ˈkʰaʉ̃-ta 47 8 158 0 S1-1 kʰ 
ˈkʰaʉ̃-ta 66 5  0 S1-6 kʰ 
ˈkʰaʉ̃-ta 47 7 189 0 S2-2 kʰ 
ˈkʰaʉ̃-ta 66 8 105 0 S2-3 kʰ 
ˈkʰaʉ̃-ta 39 8 141 0 S2-4 kʰ 
ˈkʰaʉ̃-ta 50 6 120 0 S2-5 kʰ 
ˈkʰaʉ̃-ta 51 7 128 0 S2-6 kʰ 
ˈkʰaʉ̃-ta 33 5  0 S3-1 kʰ 
ˈkʰaʉ̃-ta 49 9  0 S3-2 kʰ 
ˈkʰaʉ̃-ta 57 5 139 0 S3-3 kʰ 
ˈkʰaʉ̃-ta 53 7 120 0 S3-4 kʰ 
ˈkʰaʉ̃-ta 31 5 171 0 S3-5 kʰ 
ˈkʰaʉ̃-ta 32 6  0 S3-6 kʰ 
ˈkʰaʉ̃-ta 57 4 124 0 S4-1 kʰ 
ˈkʰaʉ̃-ta 46 4 190 0 S4-2 kʰ 
ˈkʰaʉ̃-ta 39 5 143 0 S4-3 kʰ 
ˈkʰaʉ̃-ta 34 5 124 0 S4-4 kʰ 
ˈkʰaʉ̃-ta 33 6 133 0 S4-5 kʰ 
ˈkʰaʉ̃-ta 37 7 133 0 S4-6 kʰ 
ˈkʰaʉ̃-ta 32 5 166 0 S5-1 kʰ 
ˈkʰaʉ̃-ta 45 9  0 S5-2 kʰ 
ˈkʰaʉ̃-ta 56 5 113 0 S5-3 kʰ 
ˈkʰaʉ̃-ta 60 8 82 0 S5-4 kʰ 
ˈkʰaʉ̃-ta 37 6 121 0 S5-5 kʰ 
ˈkʰaʉ̃-ta 35 7 182 0 S5-6 kʰ 
kʰa'ya-ta 70 6  0 S1-4 kʰ 
kʰa'ya-ta 53 5 104 0 S1-6 kʰ 
kʰa'ya-ta 57 4 193 0 S2-1 kʰ 
kʰa'ya-ta 64 5 107 0 S2-2 kʰ 
kʰa'ya-ta 64 7  0 S2-3 kʰ 
kʰa'ya-ta 41 9 82 0 S2-4 kʰ 
kʰa'ya-ta 52 8 114 0 S2-5 kʰ 
kʰa'ya-ta 51 5 137 0 S2-6 kʰ 
kʰa'ya-ta 55 5 197 0 S3-1 kʰ 
kʰa'ya-ta 66 4 119 0 S3-2 kʰ 
kʰa'ya-ta 70 5  0 S3-3 kʰ 
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kʰa'ya-ta 65 5  0 S3-4 kʰ 
kʰa'ya-ta 40 4 146 0 S3-5 kʰ 
kʰa'ya-ta 68 5 98 0 S3-6 kʰ 
kʰa'ya-ta 55 5 103 0 S4-2 kʰ 
kʰa'ya-ta 64 7 94 0 S4-3 kʰ 
kʰa'ya-ta 63 6 87 0 S4-4 kʰ 
kʰa'ya-ta 67 6 99 0 S4-5 kʰ 
kʰa'ya-ta 47 5 109 0 S4-6 kʰ 
kʰa'ya-ta 65 4 97 0 S5-1 kʰ 
kʰa'ya-ta 42 4  0 S5-2 kʰ 
kʰa'ya-ta 64 5 103 0 S5-3 kʰ 
kʰa'ya-ta 71 7 77 0 S5-4 kʰ 
kʰa'ya-ta 56 5 99 0 S5-5 kʰ 
kʰa'ya-ta 67 7 69 0 S5-6 kʰ 
kʰewa'ɾa-ta 40 9 197 0 S1-1 kʰ 
kʰewa'ɾa-ta 52 6 156 0 S1-2 kʰ 
kʰewa'ɾa-ta 35 7  0 S1-3 kʰ 
kʰewa'ɾa-ta 37 6  0 S1-4 kʰ 
kʰewa'ɾa-ta 47 6 151 0 S1-5 kʰ 
kʰewa'ɾa-ta 32 6  0 S1-6 kʰ 
kʰewa'ɾa-ta 45 5  0 S2-1 kʰ 
kʰewa'ɾa-ta 46 9 75 0 S2-2 kʰ 
kʰewa'ɾa-ta 45 6 113 0 S2-3 kʰ 
kʰewa'ɾa-ta 47 7 116 0 S2-4 kʰ 
kʰewa'ɾa-ta 26 4  0 S2-5 kʰ 
kʰewa'ɾa-ta 39 6  0 S2-6 kʰ 
kʰewa'ɾa-ta 43 5  0 S3-1 kʰ 
kʰewa'ɾa-ta 40 5  0 S3-2 kʰ 
kʰewa'ɾa-ta 42 4 143 0 S3-3 kʰ 
kʰewa'ɾa-ta 58 8 148 0 S3-4 kʰ 
kʰewa'ɾa-ta 32 7  0 S3-5 kʰ 
kʰewa'ɾa-ta 40 7  0 S3-6 kʰ 
kʰewa'ɾa-ta 61 4 166 0 S4-1 kʰ 
kʰewa'ɾa-ta 67 4 149 0 S4-2 kʰ 
kʰewa'ɾa-ta 50 5 123 0 S4-3 kʰ 
kʰewa'ɾa-ta 54 6 124 0 S4-4 kʰ 
kʰewa'ɾa-ta 51 7 108 0 S4-5 kʰ 
kʰewa'ɾa-ta 43 7 121 0 S4-6 kʰ 
kʰewa'ɾa-ta 51 4 102 0 S5-1 kʰ 
kʰewa'ɾa-ta 49 4 121 0 S5-2 kʰ 
kʰewa'ɾa-ta 56 4 109 0 S5-3 kʰ 
kʰewa'ɾa-ta 59 6 111 0 S5-4 kʰ 
kʰewa'ɾa-ta 42 6 109 0 S5-5 kʰ 
kʰewa'ɾa-ta 36 6  0 S5-6 kʰ 
ˈkʰõ-pʰe 62 5 150 0 S1-1 kʰ 
ˈkʰõ-pʰe 57 4 142 0 S1-2 kʰ 
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Word FOT Burst Duration Pre-V Spkr Variant 
ˈkʰõ-pʰe 24 5  0 S2-1 kʰ 
ˈkʰõ-pʰe 32 5  0 S2-2 kʰ 
ˈkʰõ-pʰe 56 6 141 0 S2-3 kʰ 
ˈkʰõ-pʰe 50 10 153 0 S2-4 kʰ 
ˈkʰõ-pʰe 42 4 136 0 S2-5 kʰ 
ˈkʰõ-pʰe 38 7 130 0 S2-6 kʰ 
ˈkʰõ-pʰe 34 5  0 S3-1 kʰ 
ˈkʰõ-pʰe 42 5 124 0 S3-2 kʰ 
ˈkʰõ-pʰe 47 5  0 S3-3 kʰ 
ˈkʰõ-pʰe 57 5  0 S3-4 kʰ 
ˈkʰõ-pʰe 47 6 180 0 S3-5 kʰ 
ˈkʰõ-pʰe 43 5  0 S3-6 kʰ 
ˈkʰõ-pʰe 46 7 132 0 S4-2 kʰ 
ˈkʰõ-pʰe 28 4 143 0 S4-3 kʰ 
ˈkʰõ-pʰe 57 7 112 0 S4-4 kʰ 
ˈkʰõ-pʰe 46 5 109 0 S5-1 kʰ 
ˈkʰõ-pʰe 51 8 100 0 S5-2 kʰ 
ˈkʰõ-pʰe 42 6 124 0 S5-3 kʰ 
ˈkʰõ-pʰe 24 4 132 0 S5-4 kʰ 
ˈkʰõ-pʰe 51 7 99 0 S5-5 kʰ 
ˈkʰõ-pʰe 55 6 107 0 S5-6 kʰ 
kʰɾĩ'tʃa-ta 37 9  0 S1-1 kʰ 
kʰɾĩ'tʃa-ta 36 7 161 0 S1-2 kʰ 
kʰɾĩ'tʃa-ta 25 8 166 0 S1-3 kʰ 
kʰɾĩ'tʃa-ta 42 4  0 S1-4 kʰ 
kʰɾĩ'tʃa-ta 52 4 160 0 S1-5 kʰ 
kʰɾĩ'tʃa-ta 34 8 119 0 S1-6 kʰ 
kʰɾĩ'tʃa-ta 40 4  0 S2-1 kʰ 
kʰɾĩ'tʃa-ta 28 6 98 0 S2-2 kʰ 
kʰɾĩ'tʃa-ta 33 6 106 0 S2-3 kʰ 
kʰɾĩ'tʃa-ta 32 4  0 S2-4 kʰ 
kʰɾĩ'tʃa-ta 51 8 113 0 S2-5 kʰ 
kʰɾĩ'tʃa-ta 31 5  0 S2-6 kʰ 
kʰɾĩ'tʃa-ta 42 5  0 S3-1 kʰ 
kʰɾĩ'tʃa-ta 32 12 178 0 S3-2 kʰ 
kʰɾĩ'tʃa-ta 31 7  0 S3-3 kʰ 
kʰɾĩ'tʃa-ta 33 4  0 S3-4 kʰ 
kʰɾĩ'tʃa-ta 32 5 155 0 S3-5 kʰ 
kʰɾĩ'tʃa-ta 40 7  0 S3-6 kʰ 
kʰɾĩ'tʃa-ta 40 5  0 S4-1 kʰ 
kʰɾĩ'tʃa-ta 37 5 108 0 S4-2 kʰ 
kʰɾĩ'tʃa-ta 31 4 83 0 S4-3 kʰ 
kʰɾĩ'tʃa-ta 43 6 114 0 S4-4 kʰ 
kʰɾĩ'tʃa-ta 44 4 130 0 S4-5 kʰ 
kʰɾĩ'tʃa-ta 50 4  0 S4-6 kʰ 
kʰɾĩ'tʃa-ta 38 5 78 0 S5-1 kʰ 
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kʰɾĩ'tʃa-ta 47 6 80 0 S5-2 kʰ 
kʰɾĩ'tʃa-ta 56 7 74 0 S5-3 kʰ 
kʰɾĩ'tʃa-ta 45 5 76 0 S5-4 kʰ 
kʰɾĩ'tʃa-ta 36 4 66 0 S5-5 kʰ 
kʰɾĩ'tʃa-ta 32 5 62 0 S5-6 kʰ 
kʰʉ'da-ta 71 5 154 0 S1-1 kʰ 
kʰʉ'da-ta 55 7  0 S1-2 kʰ 
kʰʉ'da-ta 69 4 93 0 S1-3 kʰ 
kʰʉ'da-ta 38 5  0 S1-4 kʰ 
kʰʉ'da-ta 63 7  0 S1-5 kʰ 
kʰʉ'da-ta 49 5  0 S1-6 kʰ 
kʰʉ'da-ta 54 5  0 S2-1 kʰ 
kʰʉ'da-ta 47 8 193 0 S2-2 kʰ 
kʰʉ'da-ta 52 9 109 0 S2-4 kʰ 
kʰʉ'da-ta 49 5 98 0 S2-5 kʰ 
kʰʉ'da-ta 61 5 87 0 S2-6 kʰ 
kʰʉ'da-ta 64 7  0 S3-1 kʰ 
kʰʉ'da-ta 67 5 147 0 S3-2 kʰ 
kʰʉ'da-ta 49 5 155 0 S3-3 kʰ 
kʰʉ'da-ta 56 6 194 0 S3-4 kʰ 
kʰʉ'da-ta 49 6  0 S3-5 kʰ 
kʰʉ'da-ta 39 6  0 S3-6 kʰ 
kʰʉ'da-ta 63 8 112 0 S4-1 kʰ 
kʰʉ'da-ta 44 8 110 0 S4-2 kʰ 
kʰʉ'da-ta 48 8 103 0 S4-3 kʰ 
kʰʉ'da-ta 49 8 101 0 S4-4 kʰ 
kʰʉ'da-ta 54 6 133 0 S4-5 kʰ 
kʰʉ'da-ta 44 11  0 S4-6 kʰ 
kʰʉ'da-ta 61 10 92 0 S5-1 kʰ 
kʰʉ'da-ta 53 8  0 S5-2 kʰ 
kʰʉ'da-ta 70 11 92 0 S5-3 kʰ 
kʰʉ'da-ta 65 9 93 0 S5-4 kʰ 
kʰʉ'da-ta 73 11 68 0 S5-5 kʰ 
kʰʉ'da-ta 68 8 83 0 S5-6 kʰ 
ˈkʰaʉ̃-ta 0 0  0 S1-2 x 
ˈkʰaʉ̃-ta 0 0  0 S1-3 x 
ˈkʰaʉ̃-ta 0 0  0 S1-4 x 
ˈkʰaʉ̃-ta 0 0  0 S1-5 x 
ˈkʰaʉ̃-ta 0 0  0 S2-1 x 
kʰa'ya-ta 0 0 168 0 S1-1 x 
kʰa'ya-ta 0 0 82 0 S1-2 x 
kʰa'ya-ta 0 0  0 S1-3 x 
kʰa'ya-ta 0 0  0 S1-5 x 
ˈkʰõ-pʰe 0 0  0 S1-3 x 
ˈkʰõ-pʰe 0 0  0 S1-4 x 
ˈkʰõ-pʰe 0 0  0 S1-5 x 
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Word FOT Burst Duration Pre-V Spkr Variant 
ˈkʰõ-pʰe 0 0  0 S1-6 x 
ˈkʰõ-pʰe 0 0  0 S4-1 x 
ˈkʰõ-pʰe 0 0 155 0 S4-6 x 
kʰʉ'da-ta 0 0 140 0 S2-3 x 
kʰa'ya-ta 90 5 80 0 S4-1 error 
ˈkʰõ-pʰe 81 5 131 0 S4-5 error 
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APPENDIX D  
DATA FILES: WORD-INITIAL BILABIAL UNASPIRATED STOP /p/ 
Word FOT Burst Duration Pre-V Spkr Variant 
pakʰu'ɾu-ta 11 4 180 0 S1-4 p 
pakʰu'ɾu-ta 15 5  0 S2-3 p 
pakʰu'ɾu-ta 17 4 152 0 S3-3 p 
pakʰu'ɾu-ta 16 4 113 0 S3-4 p 
pakʰu'ɾu-ta 15 6 142 0 S3-5 p 
pakʰu'ɾu-ta 10 3 155 0 S3-6 p 
pakʰu'ɾu-ta 13 3 125 0 S4-3 p 
pakʰu'ɾu-ta 11 2 114 0 S5-3 p 
pakʰu'ɾu-ta 10 4 108 0 S5-5 p 
pakʰu'ɾu-ta 10 3 84 0 S5-6 p 
ˈpe-ta 13 5 124 0 S2-3 p 
ˈpe-ta 9 5  0 S3-1 p 
ˈpe-ta 9 4 165 0 S3-2 p 
ˈpe-ta 12 4 152 0 S3-6 p 
ˈpe-ta 13 5 191 0 S5-1 p 
ˈpe-ta 13 6 178 0 S5-2 p 
ˈpe-ta 14 4 187 0 S5-5 p 
ˈpe-ta 11 3 162 0 S5-6 p 
pi'ka-ta 16 3 198 0 S1-3 p 
pi'ka-ta 11 4  0 S1-4 p 
pi'ka-ta 9 4 122 0 S2-4 p 
pi'ka-ta 12 3 92 0 S2-5 p 
pi'ka-ta 12 4 132 0 S2-6 p 
pi'ka-ta 18 4  0 S3-1 p 
pi'ka-ta 14 4 196 0 S3-2 p 
pi'ka-ta 13 5 194 0 S3-3 p 
pi'ka-ta 14 3 195 0 S3-4 p 
pi'ka-ta 11 5  0 S3-5 p 
pi'ka-ta 18 4 160 0 S3-6 p 
pi'ka-ta 15 4 122 0 S4-2 p 
pi'ka-ta 10 3 118 0 S4-5 p 
pi'ka-ta 10 5 114 0 S5-1 p 
pi'ka-ta 18 4 116 0 S5-2 p 
pi'ka-ta 19 6 160 0 S5-3 p 
põpõ'ɾã-ta 15 5 145 0 S2-6 p 
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Word FOT Burst Duration Pre-V Spkr Variant 
põpõ'ɾã-ta 15 5 148 0 S3-6 p 
poɾekʰe'a-ta 10 5  0 S2-1 p 
poɾekʰe'a-ta 19 4 122 0 S2-2 p 
poɾekʰe'a-ta 20 4 160 0 S3-1 p 
poɾekʰe'a-ta 15 4 190 0 S3-2 p 
poɾekʰe'a-ta 16 5 103 0 S5-1 p 
poɾekʰe'a-ta 16 5 96 0 S5-2 p 
poɾekʰe'a-ta 16 4 91 0 S5-3 p 
pu'da-ta 17 5  0 S1-5 p 
pu'da-ta 9 4 110 0 S4-5 p 
pu'da-ta 15 5 146 0 S5-1 p 
pu'da-ta 13 4 118 0 S5-2 p 
pu'da-ta 17 4 119 0 S5-3 p 
pu'da-ta 19 4 90 0 S5-5 p 
pu'da-ta 21 4 194 0 S5-6 p 
pakʰu'ɾu-ta 11 6 81 81 S1-5 b 
pakʰu'ɾu-ta 10 3 118 118 S1-6 b 
pakʰu'ɾu-ta 10 4 99 99 S2-5 b 
pakʰu'ɾu-ta 4 4 101 101 S4-1 b 
pakʰu'ɾu-ta 9 4 92 92 S4-2 b 
pakʰu'ɾu-ta 9 4 118 118 S4-4 b 
pakʰu'ɾu-ta 10 3 197 197 S4-5 b 
pakʰu'ɾu-ta 6 3 104 104 S4-6 b 
pakʰu'ɾu-ta 12 4 91 91 S5-1 b 
pakʰu'ɾu-ta 9 3 64 64 S5-4 b 
ˈpe-ta 8 4 180 180 S4-2 b 
ˈpe-ta 9 3 135 135 S4-3 b 
pe-ta 10 4 178 178 S4-4 b 
pi'ka-ta 7 3 104 104 S1-6 b 
pi'ka-ta 11 3 137 137 S2-3 b 
pi'ka-ta 7 2 150 150 S4-1 b 
pi'ka-ta 8 3 93 93 S4-3 b 
pi'ka-ta 6 3 116 116 S4-4 b 
pi'ka-ta 7 4 105 105 S4-6 b 
pi'ka-ta 6 3 104 104 S5-5 b 
pi'ka-ta 9 3 108 108 S5-6 b 
põpõ'ɾã-ta 10 3 33 33 S1-1 b 
põpõ'ɾã-ta 10 3 87 87 S1-4 b 
põpõ'ɾã-ta 21 3 76 76 S1-5 b 
põpõ'ɾã-ta 14 5 53 53 S1-6 b 
põpõ'ɾã-ta 19 5 82 82 S2-1 b 
põpõ'ɾã-ta 19 4 96 96 S2-2 b 
põpõ'ɾã-ta 18 4 78 78 S2-3 b 
põpõ'ɾã-ta 14 3 72 72 S2-4 b 
põpõ'ɾã-ta 24 4 23 23 S2-5 b 
põpõ'ɾã-ta 10 5 74 74 S3-1 b 
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Word FOT Burst Duration Pre-V Spkr Variant 
põpõ'ɾã-ta 10 5 73 73 S3-2 b 
põpõ'ɾã-ta 13 5   S3-3 b 
põpõ'ɾã-ta 12 5 94 94 S3-4 b 
põpõ'ɾã-ta 22 4 35 35 S3-5 b 
põpõ'ɾã-ta 8 3 50 50 S4-1 b 
põpõ'ɾã-ta 10 4 27 27 S4-3 b 
põpõ'ɾã-ta 24 5 54 54 S4-4 b 
põpõ'ɾã-ta 8 3 103 103 S4-5 b 
põpõ'ɾã-ta 11 3 64 64 S4-6 b 
põpõ'ɾã-ta 17 3 68 68 S5-1 b 
põpõ'ɾã-ta 17 6   S5-2 b 
põpõ'ɾã-ta 17 2   S5-3 b 
põpõ'ɾã-ta 13 4 88 88 S5-4 b 
põpõ'ɾã-ta 15 4 67 67 S5-5 b 
poɾekʰe'a-ta 10 5 126 126 S2-3 b 
poɾekʰe'a-ta 24 6 102 102 S2-4 b 
poɾekʰe'a-ta 10 5 116 116 S2-5 b 
poɾekʰe'a-ta 12 5 97 97 S4-2 b 
poɾekʰe'a-ta 7 4 89 89 S4-3 b 
poɾekʰe'a-ta 9 4 80 80 S4-4 b 
poɾekʰe'a-ta 9 4 102 102 S4-5 b 
poɾekʰe'a-ta 10 3 90 90 S4-6 b 
poɾekʰe'a-ta 10 4 78 78 S5-5 b 
poɾekʰe'a-ta 21 4 64 64 S5-6 b 
pu'da-ta 15 5 133 133 S2-1 b 
pu'da-ta 13 5 119 119 S2-2 b 
pu'da-ta 11 4 102 102 S2-3 b 
pu'da-ta 12 4 138 138 S2-5 b 
pu'da-ta 11 4 100 100 S4-3 b 
pu'da-ta 11 4 90 90 S4-4 b 
pu'da-ta 9 4 109 109 S4-6 b 
pakʰu'ɾu-ta 10 5 200 76 S1-1 p̌ 
pakʰu'ɾu-ta 7 3 183 46 S1-2 p̌ 
pakʰu'ɾu-ta 8 4 189 40 S1-3 p̌ 
pakʰu'ɾu-ta 10 5  35 S2-1 p̌ 
pakʰu'ɾu-ta 11 4 195 115 S2-2 p̌ 
pakʰu'ɾu-ta 9 4  57 S2-4 p̌ 
pakʰu'ɾu-ta 10 4 190 30 S2-6 p̌ 
pakʰu'ɾu-ta 8 4 196 124 S3-1 p̌ 
pakʰu'ɾu-ta 12 5  114 S3-2 p̌ 
pakʰu'ɾu-ta 9 4 92  S5-2 p̌ 
ˈpe-ta 9 4 266 145 S1-1 p̌ 
ˈpe-ta 12 5  77 S1-2 p̌ 
ˈpe-ta 10 3  75 S1-3 p̌ 
ˈpe-ta 8 3 228 70 S1-4 p̌ 
ˈpe-ta 7 3 205 78 S1-5 p̌ 
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Word FOT Burst Duration Pre-V Spkr Variant 
ˈpe-ta 9 4  61 S1-6 p̌ 
ˈpe-ta 10 4 203 87 S2-1 p̌ 
ˈpe-ta 9 4 199 78 S2-2 p̌ 
ˈpe-ta 14 6  131 S2-4 p̌ 
ˈpe-ta 9 5 198  S2-5 p̌ 
ˈpe-ta 10 4 160 20 S2-6 p̌ 
ˈpe-ta 10 5  94 S3-3 p̌ 
ˈpe-ta 10 4 265 162 S3-4 p̌ 
ˈpe-ta 11 5  95 S3-5 p̌ 
ˈpe-ta 8 4 284 171 S4-1 p̌ 
ˈpe-ta 16 5  227 S4-5 p̌ 
ˈpe-ta 9 4  166 S4-6 p̌ 
ˈpe-ta 13 4 191 75 S5-4 p̌ 
pi'ka-ta 6 4 203 67 S1-1 p̌ 
pi'ka-ta 9 5  44 S1-2 p̌ 
pi'ka-ta 9 3 194  S1-5 p̌ 
pi'ka-ta 10 4 197 33 S2-1 p̌ 
pi'ka-ta 10 5 203 27 S2-2 p̌ 
pi'ka-ta 12 3 174 33 S5-4 p̌ 
poɾekʰe'a-ta 9 5 136 45 S1-1 p̌ 
poɾekʰe'a-ta 19 4 219 42 S1-2 p̌ 
poɾekʰe'a-ta 11 3  29 S1-3 p̌ 
poɾekʰe'a-ta 11 4 203 60 S1-4 p̌ 
poɾekʰe'a-ta 11 4 202 26 S1-5 p̌ 
poɾekʰe'a-ta 9 4 155 69 S1-6 p̌ 
poɾekʰe'a-ta 9 4  71 S2-6 p̌ 
poɾekʰe'a-ta 7 3  52 S3-3 p̌ 
poɾekʰe'a-ta 10 4  72 S3-4 p̌ 
poɾekʰe'a-ta 12 5  76 S3-5 p̌ 
poɾekʰe'a-ta 12 3  56 S3-6 p̌ 
poɾekʰe'a-ta 12 6 165 71 S4-1 p̌ 
poɾekʰe'a-ta 8 4 100 39 S5-4 p̌ 
pu'da-ta 10 4 199 36 S1-1 p̌ 
pu'da-ta 15 6  80 S1-2 p̌ 
pu'da-ta 10 4  59 S1-3 p̌ 
pu'da-ta 8 4 204 37 S1-4 p̌ 
pu'da-ta 18 4  89 S1-6 p̌ 
pu'da-ta 15 5  90 S2-4 p̌ 
pu'da-ta 11 3 207 50 S2-6 p̌ 
pu'da-ta 9 4  27 S3-1 p̌ 
pu'da-ta 16 6  37 S3-2 p̌ 
pu'da-ta 10 5 200 67 S3-3 p̌ 
pu'da-ta 9 4  43 S3-4 p̌ 
pu'da-ta 12 4  79 S3-5 p̌ 
pu'da-ta 9 3  61 S3-6 p̌ 
pu'da-ta 11 6 104 26 S4-1 p̌ 
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Word FOT Burst Duration Pre-V Spkr Variant 
pu'da-ta 12 5 167 83 S4-2 p̌ 
pu'da-ta 8 4 89 35 S5-4 p̌ 
ˈpe-ta 0 0   S5-3 β 
põpõ'ɾã-ta 0 0 55 55 S1-2 β 
põpõ'ɾã-ta 0 0 35 35 S1-3 β 
põpõ'ɾã-ta 0 0 57 57 S4-2 β 
põpõ'ɾã-ta 0 0 36 36 S5-6 β 
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APPENDIX E  
DATA FILES: WORD-INITIAL ALVEOLAR UNASPIRATED STOP /t/ 
Word FOT Burst Duration Pre-V Spkr Variant 
ta'ʤi-ta 15 4 156 0 S1-1 t 
ta'ʤi-ta 10 3 127 0 S1-3 t 
ta'ʤi-ta 15 4 136 0 S2-1 t 
ta'ʤi-ta 23 8 123 0 S2-2 t 
ta'ʤi-ta 15 4 173 0 S3-1 t 
ta'ʤi-ta 34 6 127 0 S3-2 t 
ta'ʤi-ta 18 4 184 0 S3-3 t 
ta'ʤi-ta 33 5 145 0 S3-4 t 
ta'ʤi-ta 27 7 146 0 S3-5 t 
ta'ʤi-ta 24 5 123 0 S3-6 t 
ta'ʤi-ta 8 4 98 0 S5-1 t 
ta'ʤi-ta 11 5 95 0 S5-2 t 
ta'ʤi-ta 12 4 82 0 S5-3 t 
ta'ʤi-ta 12 6 79 0 S5-4 t 
ta'ʤi-ta 11 4 70 0 S5-5 t 
ta'ma-ta 12 3  0 S2-1 t 
ta'ma-ta 17 6 102 0 S2-2 t 
ta'ma-ta 19 4 101 0 S2-3 t 
ta'ma-ta 17 5 114 0 S2-5 t 
ta'ma-ta 16 6 125 0 S2-6 t 
ta'ma-ta 15 3  0 S3-1 t 
ta'ma-ta 15 4 123 0 S3-2 t 
ta'ma-ta 18 3 117 0 S3-3 t 
ta'ma-ta 16 4 118 0 S3-4 t 
ta'ma-ta 16 3 106 0 S3-6 t 
ta'ma-ta 18 6 86 0 S5-1 t 
ta'ma-ta 13 4 97 0 S5-2 t 
ta'ma-ta 13 4 99 0 S5-3 t 
ta'ma-ta 13 3 108 0 S5-4 t 
ta'ma-ta 11 5 100 0 S5-5 t 
ta'ma-ta 12 4 94 0 S5-6 t 
ta'pu-ta 20 6 118 0 S1-2 t 
ta'pu-ta 13 5 150 0 S2-1 t 
ta'pu-ta 13 4 145 0 S2-3 t 
ta'pu-ta 13 5 109 0 S2-4 t 
ta'pu-ta 17 6 102 0 S2-6 t 
ta'pu-ta 17 6 118 0 S3-2 t 
ta'pu-ta 14 5  0 S3-3 t 
ta'pu-ta 13 4 151 0 S3-5 t 
ta'pu-ta 15 3 115 0 S5-1 t 
ta'pu-ta 14 6 110 0 S5-2 t 
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Word FOT Burst Duration Pre-V Spkr Variant 
ta'pu-ta 19 5 107 0 S5-3 t 
ta'pu-ta 14 5 100 0 S5-4 t 
ta'pu-ta 13 5 87 0 S5-5 t 
ta'pu-ta 14 5 91 0 S5-6 t 
ta'tʰɾu-ta 15 6 116 0 S2-2 t 
ta'tʰɾu-ta 21 6 128 0 S2-6 t 
ta'tʰɾu-ta 15 6  0 S3-2 t 
ta'tʰɾu-ta 13 3 125 0 S3-3 t 
ta'tʰɾu-ta 13 5  0 S3-4 t 
ta'tʰɾu-ta 14 3 144 0 S3-6 t 
ta'tʰɾu-ta 11 4 100 0 S5-2 t 
ta'tʰɾu-ta 17 4 65 0 S5-3 t 
ta'tʰɾu-ta 17 5 76 0 S5-4 t 
ta'tʰɾu-ta 23 4 109 0 S5-5 t 
ˈte-ta 17 5 136 0 S2-3 t 
ˈte-ta 17 5 128 0 S2-5 t 
ˈte-ta 15 4 168 0 S3-2 t 
ˈte-ta 15 4 227 0 S3-3 t 
ˈte-ta 15 5 180 0 S3-6 t 
ˈte-ta 15 5 119 0 S5-1 t 
ˈte-ta 15 6 130 0 S5-2 t 
ˈte-ta 16 6 121 0 S5-3 t 
ˈte-ta 11 4 169 0 S5-4 t 
ˈte-ta 16 4 113 0 S5-5 t 
ˈte-ta 15 4 100 0 S5-6 t 
toko'a-ta 20 5 165 0 S1-4 t 
toko'a-ta 17 3 116 0 S1-6 t 
toko'a-ta 14 4 175 0 S2-2 t 
toko'a-ta 13 4 132 0 S2-3 t 
toko'a-ta 11 3 158 0 S2-5 t 
toko'a-ta 11 4 159 0 S2-6 t 
toko'a-ta 13 3 164 0 S3-1 t 
toko'a-ta 12 5 144 0 S3-3 t 
toko'a-ta 14 5  0 S3-5 t 
toko'a-ta 14 5  0 S3-6 t 
toko'a-ta 10 4 115 0 S4-6 t 
toko'a-ta 16 5 92 0 S5-1 t 
toko'a-ta 19 5 126 0 S5-2 t 
toko'a-ta 13 4 122 0 S5-3 t 
toko'a-ta 14 5 115 0 S5-4 t 
toko'a-ta 16 5 98 0 S5-5 t 
toko'a-ta 12 4 104 0 S5-6 t 
tɾʉ̃'taʉ-ta 16 5 77 0 S2-2 t 
tɾʉ̃'taʉ-ta 12 4 96 0 S2-3 t 
tɾʉ̃'taʉ-ta 12 4 167 0 S2-4 t 
tɾʉ̃'taʉ-ta 10 5 137 0 S4-1 t 
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Word FOT Burst Duration Pre-V Spkr Variant 
tɾʉ̃'taʉ-ta 12 5 83 0 S5-1 t 
tɾʉ̃'taʉ-ta 21 4 84 0 S5-2 t 
tɾʉ̃'taʉ-ta 25 6  0 S5-3 t 
tɾʉ̃'taʉ-ta 21 4 93 0 S5-4 t 
tɾʉ̃'taʉ-ta 19 5 89 0 S5-5 t 
ta'ʤi-ta 9 3 169 169 S1-4 d 
ta'ʤi-ta 13 5 96 96 S1-6 d 
ta'ʤi-ta 12 6 113 113 S2-3 d 
ta'ʤi-ta 5 4 102 102 S2-4 d 
ta'ʤi-ta 11 4 123 123 S2-6 d 
ta'ʤi-ta 12 6 160 160 S4-1 d 
ta'ʤi-ta 6 4 95 95 S4-2 d 
ta'ʤi-ta 6 3 103 103 S4-3 d 
ta'ʤi-ta 7 4 106 106 S4-4 d 
ta'ʤi-ta 9 4 123 123 S4-5 d 
ta'ʤi-ta 9 4 113 113 S4-6 d 
ta'ʤi-ta 11 5 90 90 S5-6 d 
ta'ma-ta 12 4 128 128 S1-2 d 
ta'ma-ta 11 4 80 80 S1-6 d 
ta'ma-ta 11 3 126 126 S2-4 d 
ta'ma-ta 3 3 144 144 S4-1 d 
ta'ma-ta 5 4 97 97 S4-2 d 
ta'ma-ta 6 4 97 97 S4-3 d 
ta'ma-ta 6 3 94 94 S4-4 d 
ta'ma-ta 4 4 138 138 S4-5 d 
ta'ma-ta 4 4 121 121 S4-6 d 
ta'pu-ta 21 4 171 171 S1-3 d 
ta'pu-ta 8 3 75 75 S1-6 d 
ta'pu-ta 10 3 92 92 S2-5 d 
ta'pu-ta 10 4 118 118 S4-1 d 
ta'pu-ta 8 3 90 90 S4-2 d 
ta'pu-ta 9 4 102 102 S4-3 d 
ta'pu-ta 10 4 149 149 S4-4 d 
ta'pu-ta 6 3 149 149 S4-6 d 
ta'tʰɾu-ta 7 3 76 76 S1-6 d 
ta'tʰɾu-ta 12 6 132 132 S2-3 d 
ta'tʰɾu-ta 9 6 124 124 S2-5 d 
ta'tʰɾu-ta 6 3 184 184 S4-2 d 
ta'tʰɾu-ta 6 3 113 113 S4-4 d 
ta'tʰɾu-ta 6 3 105 105 S4-5 d 
ta'tʰɾu-ta 6 3 129 129 S4-6 d 
ta'tʰɾu-ta 15 6 87 87 S5-6 d 
ˈte-ta 13 4 139 139 S1-6 d 
ˈte-ta 16 5 233 233 S3-5 d 
ˈte-ta 13 8 156 156 S4-1 d 
ˈte-ta 11 4 134 134 S4-2 d 
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Word FOT Burst Duration Pre-V Spkr Variant 
ˈte-ta 11 4 139 139 S4-3 d 
ˈte-ta 10 4 168 168 S4-4 d 
ˈte-ta 12 7 187 187 S4-5 d 
toko'a-ta 13 4 180 180 S2-4 d 
toko'a-ta 9 3 125 125 S4-1 d 
toko'a-ta 7 3 117 117 S4-2 d 
toko'a-ta 6 4 125 125 S4-3 d 
toko'a-ta 9 4 115 115 S4-4 d 
toko'a-ta 9 5 115 115 S4-5 d 
tɾʉ̃'taʉ-ta 10 3 70 70 S2-5 d 
tɾʉ̃'taʉ-ta 10 3 152 152 S3-1 d 
tɾʉ̃'taʉ-ta 9 4 75 75 S4-4 d 
tɾʉ̃'taʉ-ta 11 4 114 114 S4-5 d 
tɾʉ̃'taʉ-ta 11 4 87 87 S4-6 d 
tɾʉ̃'taʉ-ta 12 4 85 85 S5-6 d 
ta'ʤi-ta 18 8  95 S1-2 t ̬
ta'ʤi-ta 13 3 253 37 S1-5 t ̬
ta'ʤi-ta 10 4 213 43 S2-5 t ̬
ta'ma-ta 14 5 197 74 S1-1 t ̬
ta'ma-ta 9 4 216 64 S1-3 t ̬
ta'ma-ta 16 4 262 61 S1-4 t ̬
ta'ma-ta 11 4  50 S1-5 t ̬
ta'ma-ta 10 5  97 S3-5 t ̬
ta'pu-ta 10 4 120 62 S1-1 t ̬
ta'pu-ta 17 4  77 S1-4 t ̬
ta'pu-ta 11 4 209 42 S1-5 t ̬
ta'pu-ta 13 4  120 S2-2 t ̬
ta'pu-ta 12 5  125 S3-1 t ̬
ta'pu-ta 11 5 213 102 S3-4 t ̬
ta'pu-ta 11 5  112 S3-6 t ̬
ta'pu-ta 9 4 249 108 S4-5 t ̬
ta'tʰɾu-ta 10 4 241 53 S1-1 t ̬
ta'tʰɾu-ta 13 6 242 60 S1-2 t ̬
ta'tʰɾu-ta 6 3 268 45 S1-3 t ̬
ta'tʰɾu-ta 14 4 253 48 S1-4 t ̬
ta'tʰɾu-ta 13 6 214 27 S1-5 t ̬
ta'tʰɾu-ta 10 5  108 S2-1 t ̬
ta'tʰɾu-ta 12 5  71 S2-4 t ̬
ta'tʰɾu-ta 5 3  52 S3-1 t ̬
ta'tʰɾu-ta 10 5  77 S3-5 t ̬
ta'tʰɾu-ta 12 5  101 S4-1 t ̬
ta'tʰɾu-ta 10 3  126 S4-3 t ̬
ta'tʰɾu-ta 20 5 148 55 S5-1 t ̬
ˈte-ta 18 6 240 104 S1-1 t ̬
ˈte-ta 19 8  136 S1-2 t ̬
ˈte-ta 20 7  130 S1-3 t ̬
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Word FOT Burst Duration Pre-V Spkr Variant 
ˈte-ta 15 4 283 76 S1-4 t ̬
ˈte-ta 18 7 247 105 S1-5 t ̬
ˈte-ta 21 6  115 S2-1 t ̬
ˈte-ta 14 7 254 103 S2-2 t ̬
ˈte-ta 16 6  71 S2-4 t ̬
ˈte-ta 15 7  139 S2-6 t ̬
ˈte-ta 14 6  132 S3-1 t ̬
ˈte-ta 12 5  112 S3-4 t ̬
ˈte-ta 13 4 204  S4-6 t ̬
toko'a-ta 8 4 254 64 S1-1 t ̬
toko'a-ta 16 3  55 S1-2 t ̬
toko'a-ta 14 4  90 S1-3 t ̬
toko'a-ta 12 6  73 S1-5 t ̬
toko'a-ta 9 4  138 S2-1 t ̬
toko'a-ta 9 5 265 84 S3-2 t ̬
toko'a-ta 9 4  91 S3-4 t ̬
tɾʉ̃'taʉ-ta 12 6 241 102 S1-1 t ̬
tɾʉ̃'taʉ-ta 12 5 254 55 S1-2 t ̬
tɾʉ̃'taʉ-ta 8 3  102 S1-3 t ̬
tɾʉ̃'taʉ-ta 12 6  183 S1-4 t ̬
tɾʉ̃'taʉ-ta 14 6  113 S1-5 t ̬
tɾʉ̃'taʉ-ta 8 6 200 65 S1-6 t ̬
tɾʉ̃'taʉ-ta 11 5  154 S2-1 t ̬
tɾʉ̃'taʉ-ta 10 4 282 99 S2-6 t ̬
tɾʉ̃'taʉ-ta 11 6 245 108 S3-2 t ̬
tɾʉ̃'taʉ-ta 11 4  78 S3-3 t ̬
tɾʉ̃'taʉ-ta 13 5  81 S3-4 t ̬
tɾʉ̃'taʉ-ta 9 4  81 S3-5 t ̬
tɾʉ̃'taʉ-ta 14 4 254 33 S3-6 t ̬
tɾʉ̃'taʉ-ta 13 3  75 S4-2 t ̬
tɾʉ̃'taʉ-ta 9 4 63 29 S4-3 t ̬
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APPENDIX F  
DATA FILES: WORD-INITIAL VOICED STOP /b/ 
Word FOT Burst Duration Pre-V Spkr Variant 
baka'ɾa-ta 12 3 81 81 S1-1 b 
baka'ɾa-ta 17 4 67 67 S1-2 b 
baka'ɾa-ta 8 3 72 72 S1-3 b 
baka'ɾa-ta 8 3   S1-4 b 
baka'ɾa-ta 8 3 74 74 S1-5 b 
baka'ɾa-ta 10 3 70 70 S1-6 b 
baka'ɾa-ta 9 3 68 68 S2-3 b 
baka'ɾa-ta 10 3 54 54 S2-4 b 
baka'ɾa-ta 10 4 82 82 S2-6 b 
baka'ɾa-ta 8 3 67 67 S3-1 b 
baka'ɾa-ta 8 2 84 84 S3-3 b 
baka'ɾa-ta 8 2 38 38 S3-4 b 
baka'ɾa-ta 10 3 58 58 S3-5 b 
baka'ɾa-ta 9 2 48 48 S3-6 b 
baka'ɾa-ta 9 2 54 54 S4-2 b 
baka'ɾa-ta 8 2 49 49 S4-4 b 
baka'ɾa-ta 7 2 59 59 S4-6 b 
baka'ɾa-ta 10 3 90 90 S5-2 b 
baka'ɾa-ta 10 3 106 106 S5-4 b 
baka'ɾa-ta 8 2 57 57 S5-5 b 
bi'pa 13 3 73 73 S1-1 b 
bi'pa 11 4 54 54 S1-3 b 
bi'pa 10 3 54 54 S1-4 b 
bi'pa 9 3 69 69 S1-5 b 
bi'pa 10 4 76 76 S1-6 b 
bi'pa 11 3 75 75 S2-1 b 
bi'pa 11 4 67 67 S2-2 b 
bi'pa 11 3   S2-3 b 
bi'pa 10 3 110 110 S2-4 b 
bi'pa 13 4 123 123 S2-5 b 
bi'pa 8 2 80 80 S2-6 b 
bi'pa 8 3 83 83 S3-2 b 
bi'pa 17 3   S3-3 b 
bi'pa 12 3 28 28 S3-4 b 
bi'pa 14 3   S3-5 b 
bi'pa 11 5 127 127 S4-1 b 
bi'pa 11 5 119 119 S4-2 b 
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bi'pa 11 5 92 92 S4-3 b 
bi'pa 13 5 48 48 S4-4 b 
bi'pa 11 5 53 53 S4-5 b 
bi'pa 13 4 55 55 S4-6 b 
bi'pa 11 3 76 76 S5-4 b 
bi'pa 8 4 51 51 S5-5 b 
buˈke-ta 12 2 53 53 S1-1 b 
buˈke-ta 11 2 36 36 S1-2 b 
buˈke-ta 12 2 60 60 S1-3 b 
buˈke-ta 13 3 75 75 S1-4 b 
buˈke-ta 11 2 80 80 S1-5 b 
bu'ke-ta 8 3 62 62 S2-1 b 
bu'ke-ta 12 4 74 74 S2-3 b 
bu'ke-ta 12 3 32 32 S2-4 b 
bu'ke-ta 11 3 54 54 S2-5 b 
bu'ke-ta 8 3 60 60 S2-6 b 
bu'ke-ta 12 3 54 54 S3-1 b 
bu'ke-ta 9 3 51 51 S3-2 b 
bu'ke-ta 7 2 72 72 S3-3 b 
bu'ke-ta 7 2 29 29 S3-4 b 
bu'ke-ta 11 3 31 31 S3-5 b 
bu'ke-ta 8 2 62 62 S3-6 b 
bu'ke-ta 11 2 98 98 S4-1 b 
bu'ke-ta 11 3 86 86 S4-2 b 
bu'ke-ta 10 2 75 75 S4-3 b 
bu'ke-ta 9 3 93 93 S4-4 b 
bu'ke-ta 8 2 98 98 S4-5 b 
bu'ke-ta 10 2 104 104 S4-6 b 
bu'ke-ta 12 2 70 70 S5-4 b 
bu'ke-ta 8 3 76 76 S5-5 b 
bu'ke-ta 11 2 70 70 S5-6 b 
baka'ɾa-ta 15 5 105 0 S2-2 b ̥
baka'ɾa-ta 15 5 75 0 S3-2 b ̥
baka'ɾa-ta 10 4 109 0 S5-1 b ̥
bi'pa 19 6 179 0 S3-1 b ̥
bi'pa 21 4 175 0 S3-6 b ̥
bi'pa 17 5 120 0 S5-1 b ̥
bi'pa 18 4 137 0 S5-2 b ̥
bi'pa 18 4 119 0 S5-3 b ̥
bu'ke-ta 17 5 121 0 S2-2 b ̥
bu'ke-ta 12 3 114 0 S5-1 b ̥
bu'ke-ta 14 4  0 S5-2 b ̥
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bu'ke-ta 23 4 106 0 S5-3 b ̥
baka'ɾa-ta 0 0 72 72 S4-1 β 
baka'ɾa-ta 0 0 80 80 S4-3 β 
baka'ɾa-ta 0 0 51 51 S4-5 β 
baka'ɾa-ta 0 0 41 41 S5-3 β 
baka'ɾa-ta 0 0 56 56 S5-6 β 
be'ko-ta 0 0 67 67 S1-1 β 
be'ko-ta 0 0 67 67 S1-2 β 
be'ko-ta 0 0 74 74 S1-3 β 
be'ko-ta 0 0 66 66 S1-4 β 
be'ko-ta 0 0 63 63 S1-5 β 
be'ko-ta 0 0 57 57 S1-6 β 
be'ko-ta 0 0   S2-1 β 
be'ko-ta 0 0 93 93 S2-2 β 
be'ko-ta 0 0 77 77 S2-3 β 
be'ko-ta 0 0 78 78 S2-4 β 
be'ko-ta 0 0 74 74 S2-5 β 
be'ko-ta 0 0 67 67 S2-6 β 
be'ko-ta 0 0 53 53 S3-1 β 
be'ko-ta 0 0 58 58 S3-2 β 
be'ko-ta 0 0 73 73 S3-3 β 
be'ko-ta 0 0 35 35 S3-4 β 
be'ko-ta 0 0 99 99 S3-5 β 
be'ko-ta 0 0 80 80 S3-6 β 
be'ko-ta 0 0 84 84 S4-1 β 
be'ko-ta 0 0 68 68 S4-2 β 
be'ko-ta 0 0 85 85 S4-3 β 
be'ko-ta 0 0 83 83 S4-4 β 
be'ko-ta 0 0 79 79 S4-5 β 
be'ko-ta 0 0 60 60 S4-6 β 
be'ko-ta 0 0 69 69 S5-1 β 
be'ko-ta 0 0 58 58 S5-2 β 
be'ko-ta 0 0 76 76 S5-3 β 
be'ko-ta 0 0 67 67 S5-4 β 
be'ko-ta 0 0 81 81 S5-5 β 
be'ko-ta 0 0 48 48 S5-6 β 
bi'pa 0 0 66 66 S1-2 β 
bi'pa 0 0 52 52 S5-6 β 
bu'ke-ta 0 0 58 58 S1-6 β 
baka'ɾa-ta 35 3 175 0 S2-1 error 
baka'ɾa-ta 27 3 145 0 S2-5 error 
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DATA FILES: WORD-MEDIAL BILABIAL ASPIRATED STOP /pʰ/ 
Word FOT Burst Duration Pre-V Spkr Variant 
e'pʰa 20 9 134 0 S1-1 pʰ 
e'pʰa 18 5 134 0 S1-2 pʰ 
e'pʰa 19 4 155 0 S1-3 pʰ 
e'pʰa 18 6 118 0 S1-4 pʰ 
e'pʰa 17 6 123 0 S1-6 pʰ 
e'pʰa 22 5 178 0 S2-1 pʰ 
e'pʰa 18 6 164 0 S2-2 pʰ 
e'pʰa 30 4 152 0 S2-3 pʰ 
e'pʰa 17 9 123 0 S2-4 pʰ 
e'pʰa 16 7 155 0 S2-5 pʰ 
e'pʰa 23 6 180 0 S2-6 pʰ 
e'pʰa 32 3 159 0 S3-1 pʰ 
e'pʰa 31 4 107 0 S3-2 pʰ 
e'pʰa 28 5 119 0 S3-3 pʰ 
e'pʰa 26 5 94 0 S3-4 pʰ 
e'pʰa 45 5 110 0 S3-5 pʰ 
e'pʰa 23 3 111 0 S3-6 pʰ 
e'pʰa 17 4 111 0 S4-1 pʰ 
e'pʰa 17 5 120 0 S4-2 pʰ 
e'pʰa 19 6 108 0 S4-3 pʰ 
e'pʰa 10 5 110 0 S4-4 pʰ 
e'pʰa 15 5 107 0 S4-5 pʰ 
e'pʰa 15 5 99 0 S4-6 pʰ 
e'pʰa 22 8 140 0 S5-2 pʰ 
e'pʰa 17 5 112 0 S5-3 pʰ 
e'pʰa 17 5 121 0 S5-4 pʰ 
e'pʰa 20 5 100 0 S5-5 pʰ 
e'pʰa 13 6 58 0 S5-6 pʰ 
ˈẽ-pʰe 22 5 86 0 S1-1 pʰ 
ˈẽ-pʰe 21 5 100 0 S1-2 pʰ 
ˈẽ-pʰe 18 6 99 0 S1-3 pʰ 
ˈẽ-pʰe 20 9 77 0 S1-4 pʰ 
ˈẽ-pʰe 25 7 87 0 S1-5 pʰ 
ˈẽ-pʰe 18 5 75 0 S1-6 pʰ 
ˈẽ-pʰe 29 9 32 0 S2-1 pʰ 
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ˈẽ-pʰe 18 5 35 0 S2-2 pʰ 
ˈẽ-pʰe 28 5 37 0 S2-3 pʰ 
ˈẽ-pʰe 25 8 41 0 S2-4 pʰ 
ˈẽ-pʰe 21 7 38 0 S2-5 pʰ 
ˈẽ-pʰe 16 6 32 0 S2-6 pʰ 
ˈẽ-pʰe 30 4 84 0 S3-1 pʰ 
ˈẽ-pʰe 39 6 60 0 S3-2 pʰ 
ˈẽ-pʰe 25 5 68 0 S3-3 pʰ 
ˈẽ-pʰe 24 8 55 0 S3-4 pʰ 
ˈẽ-pʰe 29 7 50 0 S3-5 pʰ 
ˈẽ-pʰe 24 5 58 0 S3-6 pʰ 
ˈẽ-pʰe 24 3 36 0 S4-1 pʰ 
ˈẽ-pʰe 35 5 37 0 S4-2 pʰ 
ˈẽ-pʰe 21 6 25 0 S4-3 pʰ 
ˈẽ-pʰe 25 5 31 0 S4-4 pʰ 
ˈẽ-pʰe 21 5 59 0 S4-5 pʰ 
ˈẽ-pʰe 20 5 24 0 S4-6 pʰ 
ˈẽ-pʰe 20 5 45 0 S5-1 pʰ 
ˈẽ-pʰe 22 4 32 0 S5-2 pʰ 
ˈẽ-pʰe 27 3 65 0 S5-3 pʰ 
ˈẽ-pʰe 19 3 47 0 S5-4 pʰ 
ˈẽ-pʰe 18 4 37 0 S5-5 pʰ 
ˈẽ-pʰe 21 4 38 0 S5-6 pʰ 
hi'ta-pʰe 22 5 125 0 S1-1 pʰ 
hi'ta-pʰe 17 4 136 0 S1-2 pʰ 
hi'ta-pʰe 18 5 145 0 S1-3 pʰ 
hi'ta-pʰe 24 3 66 0 S1-4 pʰ 
hi'ta-pʰe 25 3 99 0 S1-5 pʰ 
hi'ta-pʰe 17 4 114 0 S1-6 pʰ 
hi'ta-pʰe 22 6 136 0 S2-1 pʰ 
hi'ta-pʰe 22 5 137 0 S2-2 pʰ 
hi'ta-pʰe 33 4 150 0 S2-3 pʰ 
hi'ta-pʰe 21 6 121 0 S2-4 pʰ 
hi'ta-pʰe 21 8 89 0 S2-5 pʰ 
hi'ta-pʰe 15 5 79 0 S2-6 pʰ 
hi'ta-pʰe 50 4 70 0 S3-1 pʰ 
hi'ta-pʰe 30 5 71 0 S3-3 pʰ 
hi'ta-pʰe 30 6 60 0 S3-4 pʰ 
hi'ta-pʰe 18 5 91 0 S4-1 pʰ 
hi'ta-pʰe 12 3 104 0 S5-1 pʰ 
hi'ta-pʰe 20 3 83 0 S5-2 pʰ 
hi'ta-pʰe 24 5 105 0 S5-3 pʰ 
hi'ta-pʰe 19 5 85 0 S5-4 pʰ 
hi'ta-pʰe 29 5 90 0 S5-5 pʰ 
hi'ta-pʰe 17 5 92 0 S5-6 pʰ 
ˈkʰõ-pʰe 19 5 90 0 S1-1 pʰ 
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ˈkʰõ-pʰe 24 3 90 0 S1-2 pʰ 
ˈkʰõ-pʰe 23 3 101 0 S1-3 pʰ 
ˈkʰõ-pʰe 19 5 89 0 S1-4 pʰ 
ˈkʰõ-pʰe 19 3 77 0 S1-5 pʰ 
ˈkʰõ-pʰe 19 5 112 0 S1-6 pʰ 
ˈkʰõ-pʰe 16 4 152 0 S2-1 pʰ 
ˈkʰõ-pʰe 36 5 109 0 S2-2 pʰ 
ˈkʰõ-pʰe 19 4 113 0 S2-3 pʰ 
ˈkʰõ-pʰe 18 5 89 0 S2-4 pʰ 
ˈkʰõ-pʰe 16 4 87 0 S2-5 pʰ 
ˈkʰõ-pʰe 24 6 80 0 S2-6 pʰ 
ˈkʰõ-pʰe 33 5 110 0 S3-1 pʰ 
ˈkʰõ-pʰe 24 4 80 0 S3-2 pʰ 
ˈkʰõ-pʰe 24 4 87 0 S3-3 pʰ 
ˈkʰõ-pʰe 23 4 68 0 S3-4 pʰ 
ˈkʰõ-pʰe 30 4 46 0 S3-5 pʰ 
ˈkʰõ-pʰe 37 5 56 0 S3-6 pʰ 
ˈkʰõ-pʰe 37 4 74 0 S4-2 pʰ 
ˈkʰõ-pʰe 21 3 47 0 S4-3 pʰ 
ˈkʰõ-pʰe 34 5 72 0 S4-4 pʰ 
ˈkʰõ-pʰe 33 7 52 0 S4-5 pʰ 
ˈkʰõ-pʰe 18 4 58 0 S4-6 pʰ 
ˈkʰõ-pʰe 19 4 51 0 S5-1 pʰ 
ˈkʰõ-pʰe 21 6 56 0 S5-4 pʰ 
ˈkʰõ-pʰe 20 4 51 0 S5-6 pʰ 
pʰepʰe'na-ta 19 4 40 0 S1-1 pʰ 
pʰepʰe'na-ta 21 8 99 0 S1-2 pʰ 
pʰepʰe'na-ta 36 3 58 0 S1-4 pʰ 
pʰepʰe'na-ta 29 7 47 0 S1-5 pʰ 
pʰepʰe'na-ta 23 4 42 0 S1-6 pʰ 
pʰepʰe'na-ta 28 5 117 0 S2-1 pʰ 
pʰepʰe'na-ta 32 6 122 0 S2-2 pʰ 
pʰepʰe'na-ta 37 5 140 0 S2-3 pʰ 
pʰepʰe'na-ta 38 6 85 0 S2-4 pʰ 
pʰepʰe'na-ta 21 5 89 0 S2-5 pʰ 
pʰepʰe'na-ta 17 6 57 0 S2-6 pʰ 
pʰepʰe'na-ta 24 4 128 0 S3-1 pʰ 
pʰepʰe'na-ta 27 4 89 0 S3-3 pʰ 
pʰepʰe'na-ta 30 5 25 0 S3-4 pʰ 
pʰepʰe'na-ta 21 4 49 0 S3-5 pʰ 
pʰepʰe'na-ta 24 9 28 0 S3-6 pʰ 
pʰepʰe'na-ta 29 4 70 0 S4-2 pʰ 
pʰepʰe'na-ta 20 4 35 0 S4-5 pʰ 
pʰepʰe'na-ta 21 5 115 0 S5-1 pʰ 
pʰepʰe'na-ta 14 7 120 0 S5-2 pʰ 
pʰepʰe'na-ta 13 4 121 0 S5-3 pʰ 
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pʰepʰe'na-ta 12 6 58 0 S5-4 pʰ 
pʰepʰe'na-ta 17 3 75 0 S5-5 pʰ 
pʰepʰe'na-ta 19 5 32 0 S5-6 pʰ 
e'pʰa 12 5 123 0 S1-5 p 
e'pʰa 12 5 132 0 S5-1 p 
hi'ta-pʰe 10 5 82 0 S3-2 p 
hi'ta-pʰe 15 2 90 0 S3-5 p 
hi'ta-pʰe 12 5 98 0 S4-3 p 
hi'ta-pʰe 14 3 82 0 S4-6 p 
kʰõ-pʰe 11 4 83 0 S5-2 p 
kʰõ-pʰe 11 5 71 0 S5-3 p 
kʰõ-pʰe 12 5 74 0 S5-5 p 
pʰepʰe'na-ta 14 4 85 0 S3-2 p 
pʰepʰe'na-ta 11 4 99 0 S4-1 p 
pʰepʰe'na-ta 11 6 81 0 S4-4 p 
hi'ta-pʰe 0 0  0 S3-6 ɸ 
hi'ta-pʰe 0 0 131 0 S4-2 ɸ 
hi'ta-pʰe 0 0 80 0 S4-4 ɸ 
hi'ta-pʰe 0 0 91 0 S4-5 ɸ 
kʰõ-pʰe 0 0  0 S4-1 ɸ 
pʰepʰe'na-ta 0 0 115 0 S1-3 ɸ 
pʰepʰe'na-ta 0 0 64 0 S4-3 ɸ 
pʰepʰe'na-ta 0 0  0 S4-6 ɸ 
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DATA FILES: WORD-MEDIAL ALVEOLAR ASPIRATED STOP /tʰ/ 
Word FOT Burst Duration Pre-V Spkr Variant 
ã'tʰa-ta 22 7 117 0 S1-1 tʰ 
ã'tʰa-ta 21 7 64 0 S1-2 tʰ 
ã'tʰa-ta 22 10 88 0 S1-3 tʰ 
ã'tʰa-ta 24 8 79 0 S1-4 tʰ 
ã'tʰa-ta 30 13 59 0 S1-5 tʰ 
ã'tʰa-ta 29 8 67 0 S1-6 tʰ 
ã'tʰa-ta 15 8  0 S2-1 tʰ 
ã'tʰa-ta 18 9  0 S2-2 tʰ 
ã'tʰa-ta 25 12 89 0 S2-3 tʰ 
ã'tʰa-ta 22 7 93 0 S2-4 tʰ 
ã'tʰa-ta 21 10 127 0 S2-5 tʰ 
ã'tʰa-ta 18 7 114 0 S2-6 tʰ 
ã'tʰa-ta 19 4 95  S3-1 tʰ 
ã'tʰa-ta 28 5 82 0 S3-2 tʰ 
ã'tʰa-ta 25 5 82 0 S3-3 tʰ 
ã'tʰa-ta 31 5 88 0 S3-4 tʰ 
ã'tʰa-ta 19 9 47 0 S3-5 tʰ 
ã'tʰa-ta 20 7 87 0 S3-6 tʰ 
ã'tʰa-ta 26 7 117 0 S4-1 tʰ 
ã'tʰa-ta 28 6 89 0 S4-2 tʰ 
ã'tʰa-ta 24 6 111 0 S4-3 tʰ 
ã'tʰa-ta 21 8 88 0 S4-4 tʰ 
ã'tʰa-ta 23 7 61 0 S4-5 tʰ 
ã'tʰa-ta 17 5 82 0 S4-6 tʰ 
ã'tʰa-ta 20 7 104 0 S5-1 tʰ 
ã'tʰa-ta 43 6 134 0 S5-2 tʰ 
ã'tʰa-ta 23 7 82 0 S5-3 tʰ 
ã'tʰa-ta 21 5 60 0 S5-4 tʰ 
ã'tʰa-ta 19 5 108 0 S5-5 tʰ 
ã'tʰa-ta 17 6 96 0 S5-6 tʰ 
ta'tʰɾu-ta 23 8 96 0 S1-1 tʰ 
ta'tʰɾu-ta 24 6 79 0 S1-2 tʰ 
ta'tʰɾu-ta 24 8 93 0 S1-3 tʰ 
ta'tʰɾu-ta 25 6 69 0 S1-4 tʰ 
ta'tʰɾu-ta 26 4 57 0 S1-5 tʰ 
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ta'tʰɾu-ta 23 7 88 0 S1-6 tʰ 
ta'tʰɾu-ta 25 6 106 0 S2-1 tʰ 
ta'tʰɾu-ta 22 5 139 0 S2-2 tʰ 
ta'tʰɾu-ta 34 6 155 0 S2-3 tʰ 
ta'tʰɾu-ta 28 6 84 0 S2-4 tʰ 
ta'tʰɾu-ta 25 4 60 0 S2-5 tʰ 
ta'tʰɾu-ta 24 5 132 0 S2-6 tʰ 
ta'tʰɾu-ta 21 5 133 0 S3-1 tʰ 
ta'tʰɾu-ta 23 7 76 0 S3-2 tʰ 
ta'tʰɾu-ta 25 7 102 0 S3-3 tʰ 
ta'tʰɾu-ta 26 9 38 0 S3-4 tʰ 
ta'tʰɾu-ta 37 5 69 0 S3-5 tʰ 
ta'tʰɾu-ta 20 5 97 0 S3-6 tʰ 
ta'tʰɾu-ta 25 7 109 0 S4-1 tʰ 
ta'tʰɾu-ta 33 6 138 0 S4-2 tʰ 
ta'tʰɾu-ta 17 8 108 0 S4-3 tʰ 
ta'tʰɾu-ta 29 6 92 0 S4-4 tʰ 
ta'tʰɾu-ta 14 6 95 0 S4-5 tʰ 
ta'tʰɾu-ta 15 6 112 0 S4-6 tʰ 
ta'tʰɾu-ta 52 4 84 0 S5-1 tʰ 
ta'tʰɾu-ta 20 6 108 0 S5-2 tʰ 
ta'tʰɾu-ta 31 5 85 0 S5-3 tʰ 
ta'tʰɾu-ta 40 4 62 0 S5-4 tʰ 
ta'tʰɾu-ta 18 5 47 0 S5-5 tʰ 
ta'tʰɾu-ta 34 4 91 0 S5-6 tʰ 
tʰo'tʰo-pe 19 6 102 0 S1-1 tʰ 
tʰo'tʰo-pe 18 5 112 0 S1-2 tʰ 
tʰo'tʰo-pe 16 5 106 0 S1-3 tʰ 
tʰo'tʰo-pe 20 6 106 0 S1-4 tʰ 
tʰo'tʰo-pe 18 6 97 0 S1-5 tʰ 
tʰo'tʰo-pe 17 6 108 0 S1-6 tʰ 
tʰo'tʰo-pe 18 6 161 0 S2-2 tʰ 
tʰo'tʰo-pe 23 7 152 0 S2-3 tʰ 
tʰo'tʰo-pe 16 7 140 0 S2-4 tʰ 
tʰo'tʰo-pe 26 4 115 0 S2-5 tʰ 
tʰo'tʰo-pe 24 6 208 0 S2-6 tʰ 
tʰo'tʰo-pe 17 4 129 0 S3-1 tʰ 
tʰo'tʰo-pe 21 5 108 0 S3-2 tʰ 
tʰo'tʰo-pe 19 4 115 0 S3-3 tʰ 
tʰo'tʰo-pe 19 8 119 0 S3-4 tʰ 
tʰo'tʰo-pe 19 9 120 0 S3-5 tʰ 
tʰo'tʰo-pe 18 7 99 0 S3-6 tʰ 
tʰo'tʰo-pe 24 3 174 0 S4-1 tʰ 
tʰo'tʰo-pe 18 7 154 0 S4-2 tʰ 
tʰo'tʰo-pe 16 6 123 0 S4-3 tʰ 
tʰo'tʰo-pe 15 8 89 0 S4-4 tʰ 
142 
Word FOT Burst Duration Pre-V Spkr Variant 
tʰo'tʰo-pe 14 6 109 0 S4-5 tʰ 
tʰo'tʰo-pe 13 4 124 0 S4-6 tʰ 
tʰo'tʰo-pe 18 7 130 0 S5-1 tʰ 
tʰo'tʰo-pe 20 6 153 0 S5-2 tʰ 
tʰo'tʰo-pe 18 3 116 0 S5-3 tʰ 
tʰo'tʰo-pe 19 7 86 0 S5-4 tʰ 
tʰo'tʰo-pe 18 6 72 0 S5-5 tʰ 
tʰo'tʰo-pe 20 7 122 0 S5-6 tʰ 
tʰo'tʰo-pe     S2-1 error 
 
143 
APPENDIX I  
DATA FILES: WORD-MEDIAL VELAR ASPIRATED STOP /kʰ/ 
Word FOT Burst Duration Pre-V Spkr Variant 
ãkʰi'da-ta 53 3 52 0 S1-1 kʰ 
ãkʰi'da-ta 55 4 77 0 S1-2 kʰ 
ãkʰi'da-ta 48 6 69 0 S1-3 kʰ 
ãkʰi'da-ta 53 4 42 0 S1-4 kʰ 
ãkʰi'da-ta 48 8 62 0 S1-5 kʰ 
ãkʰi'da-ta 46 7 52 0 S1-6 kʰ 
ãkʰi'da-ta 67 4 79 0 S2-1 kʰ 
ãkʰi'da-ta 62 8 66 0 S2-2 kʰ 
ãkʰi'da-ta 52 8 102 0 S2-3 kʰ 
ãkʰi'da-ta 56 5 58 0 S2-4 kʰ 
ãkʰi'da-ta 49 8 70 0 S2-5 kʰ 
ãkʰi'da-ta 62 7 81 0 S2-6 kʰ 
ãkʰi'da-ta 50 5 73 0 S3-1 kʰ 
ãkʰi'da-ta 52 5 62 0 S3-2 kʰ 
ãkʰi'da-ta 62 4 84 0 S3-3 kʰ 
ãkʰi'da-ta 61 6 54 0 S3-4 kʰ 
ãkʰi'da-ta 50 8 20 0 S3-5 kʰ 
ãkʰi'da-ta 47 5 18 0 S3-6 kʰ 
ãkʰi'da-ta 64 4 66 0 S4-1 kʰ 
ãkʰi'da-ta 74 4 64 0 S4-2 kʰ 
ãkʰi'da-ta 68 6 62 0 S4-3 kʰ 
ãkʰi'da-ta 72 7 81 0 S4-4 kʰ 
ãkʰi'da-ta 55 6 50 0 S4-5 kʰ 
ãkʰi'da-ta 54 7 34 0 S4-6 kʰ 
ãkʰi'da-ta 82 4 72 0 S5-1 kʰ 
ãkʰi'da-ta 82 8 95 0 S5-2 kʰ 
ãkʰi'da-ta 72 7 75 0 S5-3 kʰ 
ãkʰi'da-ta 70 7 40 0 S5-4 kʰ 
ãkʰi'da-ta 61 7 58 0 S5-5 kʰ 
ãkʰi'da-ta 68 4 23 0 S5-6 kʰ 
bakʰa'ɾa-ta 63 7 128 0 S2-1 kʰ 
bakʰa'ɾa-ta 73 6 102 0 S2-2 kʰ 
bakʰa'ɾa-ta 57 7 102 0 S2-3 kʰ 
bakʰa'ɾa-ta 57 6 77 0 S2-4 kʰ 
bakʰa'ɾa-ta 47 7 73 0 S2-5 kʰ 
bakʰa'ɾa-ta 37 7 62 0 S2-6 kʰ 
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bakʰa'ɾa-ta 26 7 124 0 S3-1 kʰ 
bakʰa'ɾa-ta 36 6 91 0 S3-2 kʰ 
bakʰa'ɾa-ta 42 4 73 0 S3-3 kʰ 
bakʰa'ɾa-ta 57 7 89 0 S3-4 kʰ 
bakʰa'ɾa-ta 47 5 69 0 S3-5 kʰ 
bakʰa'ɾa-ta 23 6 67 0 S3-6 kʰ 
bakʰa'ɾa-ta 82 4 99 0 S4-2 kʰ 
bakʰa'ɾa-ta 34 6 115 0 S4-3 kʰ 
bakʰa'ɾa-ta 56 6 73 0 S4-4 kʰ 
bakʰa'ɾa-ta 71 6 67 0 S4-5 kʰ 
bakʰa'ɾa-ta 43 7 58 0 S4-6 kʰ 
bakʰa'ɾa-ta 48 5 82 0 S5-1 kʰ 
bakʰa'ɾa-ta 52 6 68 0 S5-2 kʰ 
bakʰa'ɾa-ta 37 6 115 0 S5-3 kʰ 
bakʰa'ɾa-ta 43 6 70 0 S5-4 kʰ 
bakʰa'ɾa-ta 48 5 85 0 S5-5 kʰ 
be'kʰa-ta 69 6 98 0 S1-1 kʰ 
be'kʰa-ta 54 5 99 0 S1-4 kʰ 
be'kʰa-ta 55 5 165 0 S2-1 kʰ 
be'kʰa-ta 48 7 135 0 S2-2 kʰ 
be'kʰa-ta 62 7 125 0 S2-3 kʰ 
be'kʰa-ta 49 9 111 0 S2-4 kʰ 
be'kʰa-ta 37 6 75 0 S2-5 kʰ 
be'kʰa-ta 38 6 104 0 S2-6 kʰ 
be'kʰa-ta 45 4 114 0 S3-1 kʰ 
be'kʰa-ta 45 5 89 0 S3-2 kʰ 
be'kʰa-ta 43 7 99 0 S3-3 kʰ 
be'kʰa-ta 54 7 98 0 S3-4 kʰ 
be'kʰa-ta 53 5 62 0 S3-5 kʰ 
be'kʰa-ta 41 7 70 0 S3-6 kʰ 
be'kʰa-ta 60 5 98 0 S4-1 kʰ 
be'kʰa-ta 42 5 107 0 S4-2 kʰ 
be'kʰa-ta 54 6 120 0 S4-3 kʰ 
be'kʰa-ta 38 7 74 0 S4-4 kʰ 
be'kʰa-ta 36 5 93 0 S4-5 kʰ 
be'kʰa-ta 40 6 91 0 S4-6 kʰ 
be'kʰa-ta 44 5 103 0 S5-1 kʰ 
be'kʰa-ta 57 5 125 0 S5-2 kʰ 
be'kʰa-ta 42 5 113 0 S5-3 kʰ 
be'kʰa-ta 59 5 80 0 S5-4 kʰ 
be'kʰa-ta 58 9 107 0 S5-5 kʰ 
be'kʰa-ta 64 5 66 0 S5-6 kʰ 
ʤi'kʰo-ta 65 5 91 0 S1-1 kʰ 
ʤi'kʰo-ta 51 8 104 0 S1-2 kʰ 
ʤi'kʰo-ta 45 7 101 0 S1-3 kʰ 
ʤi'kʰo-ta 46 9 83 0 S1-4 kʰ 
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ʤi'kʰo-ta 49 7 98 0 S1-5 kʰ 
ʤi'kʰo-ta 46 6 86 0 S1-6 kʰ 
ʤi'kʰo-ta 56 6 162 0 S2-1 kʰ 
ʤi'kʰo-ta 38 8 144 0 S2-2 kʰ 
ʤi'kʰo-ta 45 7 157 0 S2-3 kʰ 
ʤi'kʰo-ta 65 5 120 0 S2-4 kʰ 
ʤi'kʰo-ta 51 9 112 0 S2-5 kʰ 
ʤi'kʰo-ta 47 9 123 0 S2-6 kʰ 
ʤi'kʰo-ta 55 6 119 0 S3-1 kʰ 
ʤi'kʰo-ta 63 8 91 0 S3-2 kʰ 
ʤi'kʰo-ta 52 6 106 0 S3-3 kʰ 
ʤi'kʰo-ta 52 6 102 0 S3-4 kʰ 
ʤi'kʰo-ta 49 7 91 0 S3-5 kʰ 
ʤi'kʰo-ta 57 7 84 0 S3-6 kʰ 
ʤi'kʰo-ta 67 5 93 0 S4-1 kʰ 
ʤi'kʰo-ta 83 5 112 0 S4-2 kʰ 
ʤi'kʰo-ta 38 7 79 0 S4-3 kʰ 
ʤi'kʰo-ta 42 6 89 0 S4-4 kʰ 
ʤi'kʰo-ta 37 5 116 0 S4-5 kʰ 
ʤi'kʰo-ta 41 3 112 0 S4-6 kʰ 
ʤi'kʰo-ta 12 5 142 0 S5-1 kʰ 
ʤi'kʰo-ta 66 5 93 0 S5-2 kʰ 
ʤi'kʰo-ta 35 9 159 0 S5-3 kʰ 
ʤi'kʰo-ta 54 11 140 0 S5-4 kʰ 
ʤi'kʰo-ta 54 5 121 0 S5-5 kʰ 
ʤumakʰĩ'ɾã-ta 42 12 81 0 S1-1 kʰ 
ʤumakʰĩ'ɾã-ta 37 3 98 0 S1-2 kʰ 
ʤumakʰĩ'ɾã-ta 40 4 107 0 S1-3 kʰ 
ʤumakʰĩ'ɾã-ta 39 5 76 0 S1-4 kʰ 
ʤumakʰĩ'ɾã-ta 34 5 78 0 S1-5 kʰ 
ʤumakʰĩ'ɾã-ta 41 5 61 0 S1-6 kʰ 
ʤumakʰĩ'ɾã-ta 64 5 126 0 S2-1 kʰ 
ʤumakʰĩ'ɾã-ta 51 5 97 0 S2-2 kʰ 
ʤumakʰĩ'ɾã-ta 49 6 110 0 S2-3 kʰ 
ʤumakʰĩ'ɾã-ta 46 5 95 0 S2-4 kʰ 
ʤumakʰĩ'ɾã-ta 44 7 61 0 S2-5 kʰ 
ʤumakʰĩ'ɾã-ta 28 8 109 0 S2-6 kʰ 
ʤumakʰĩ'ɾã-ta 42 5 108 0 S3-1 kʰ 
ʤumakʰĩ'ɾã-ta 35 8 76 0 S3-2 kʰ 
ʤumakʰĩ'ɾã-ta 39 5 75 0 S3-3 kʰ 
ʤumakʰĩ'ɾã-ta 58 5 62 0 S3-4 kʰ 
ʤumakʰĩ'ɾã-ta 35 10 54 0 S3-5 kʰ 
ʤumakʰĩ'ɾã-ta 33 6 70 0 S3-6 kʰ 
ʤumakʰĩ'ɾã-ta 38 5 67 0 S4-1 kʰ 
ʤumakʰĩ'ɾã-ta 40 4 78 0 S4-2 kʰ 
ʤumakʰĩ'ɾã-ta 42 4 57 0 S4-3 kʰ 
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ʤumakʰĩ'ɾã-ta 49 5 68 0 S4-4 kʰ 
ʤumakʰĩ'ɾã-ta 37 4 51 0 S4-5 kʰ 
ʤumakʰĩ'ɾã-ta 40 5 48 0 S4-6 kʰ 
ʤumakʰĩ'ɾã-ta 73 10 66 0 S5-1 kʰ 
ʤumakʰĩ'ɾã-ta 58 3 87 0 S5-3 kʰ 
ʤumakʰĩ'ɾã-ta 68 5 64 0 S5-4 kʰ 
ʤumakʰĩ'ɾã-ta 55 7 42 0 S5-5 kʰ 
ʤumakʰĩ'ɾã-ta 68 4 49 0 S5-6 kʰ 
ẽkʰa'ra-ta 58 5 86 0 S1-1 kʰ 
ẽkʰa'ra-ta 85 7 53 0 S1-2 kʰ 
ẽkʰa'ra-ta 82 5 36 0 S1-4 kʰ 
ẽkʰa'ra-ta 35 7 48 0 S1-5 kʰ 
ẽkʰa'ra-ta 65 6 43 0 S1-6 kʰ 
ẽkʰa'ra-ta 51 7 67 0 S2-1 kʰ 
ẽkʰa'ra-ta 66 6 49 0 S2-2 kʰ 
ẽkʰa'ra-ta 70 5 61 0 S2-3 kʰ 
ẽkʰa'ra-ta 63 7 40 0 S2-4 kʰ 
ẽkʰa'ra-ta 45 5 44 0 S2-5 kʰ 
ẽkʰa'ra-ta 41 7 50 0 S2-6 kʰ 
ẽkʰa'ra-ta 40 5 67 0 S3-1 kʰ 
ẽkʰa'ra-ta 55 5 65 0 S3-2 kʰ 
ẽkʰa'ra-ta 44 5 70 0 S3-3 kʰ 
ẽkʰa'ra-ta 41 6 70 0 S3-4 kʰ 
ẽkʰa'ra-ta 37 5 37 0 S3-5 kʰ 
ẽkʰa'ra-ta 37 7 39 0 S3-6 kʰ 
ẽkʰa'ra-ta 85 5 93 0 S4-1 kʰ 
ẽkʰa'ra-ta 43 6 66 0 S4-2 kʰ 
ẽkʰa'ra-ta 55 8 51 0 S4-3 kʰ 
ẽkʰa'ra-ta 38 7 50 0 S4-4 kʰ 
ẽkʰa'ra-ta 42 7 21 0 S4-5 kʰ 
ẽkʰa'ra-ta 49 5 35 0 S4-6 kʰ 
ẽkʰa'ra-ta 39 8 66 0 S5-1 kʰ 
ẽkʰa'ra-ta 44 5 57 0 S5-2 kʰ 
ẽkʰa'ra-ta 30 5 97 0 S5-3 kʰ 
ẽkʰa'ra-ta 33 5 68 0 S5-4 kʰ 
ẽkʰa'ra-ta 67 4 67 0 S5-5 kʰ 
ẽkʰa'ra-ta 49 8 89 0 S5-6 kʰ 
hede'kʰo-ta 39 4 110 0 S1-1 kʰ 
hede'kʰo-ta 51 8 112 0 S2-1 kʰ 
hede'kʰo-ta 64 8 119 0 S2-2 kʰ 
hede'kʰo-ta 43 8 112 0 S2-3 kʰ 
hede'kʰo-ta 53 8 111 0 S2-4 kʰ 
hede'kʰo-ta 43 9 143 0 S2-5 kʰ 
hede'kʰo-ta 28 7 110 0 S2-6 kʰ 
hede'kʰo-ta 57 6 94 0 S3-1 kʰ 
hede'kʰo-ta 35 5 88 0 S3-2 kʰ 
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hede'kʰo-ta 31 5 90 0 S3-4 kʰ 
hede'kʰo-ta 61 6 71 0 S3-5 kʰ 
hede'kʰo-ta 46 4 93 0 S3-6 kʰ 
hede'kʰo-ta 50 6 93 0 S4-1 kʰ 
hede'kʰo-ta 48 9 98 0 S4-2 kʰ 
hede'kʰo-ta 44 8 71 0 S4-3 kʰ 
hede'kʰo-ta 42 8 70 0 S4-4 kʰ 
hede'kʰo-ta 39 6 87 0 S4-5 kʰ 
hede'kʰo-ta 41 6 82 0 S4-6 kʰ 
hede'kʰo-ta 62 8 90 0 S5-2 kʰ 
hede'kʰo-ta 74 5 82 0 S5-3 kʰ 
hede'kʰo-ta 49 5 50 0 S5-4 kʰ 
hede'kʰo-ta 60 8 94 0 S5-6 kʰ 
iɾa'kʰa-ta 12 4 127 0 S1-1 kʰ 
iɾa'kʰa-ta 16 4 116 0 S1-6 kʰ 
iɾa'kʰa-ta 49 8 118 0 S2-1 kʰ 
iɾa'kʰa-ta 48 8 99 0 S2-2 kʰ 
iɾa'kʰa-ta 94 4 108 0 S2-3 kʰ 
iɾa'kʰa-ta 65 8 87 0 S2-4 kʰ 
iɾa'kʰa-ta 51 5 81 0 S2-5 kʰ 
iɾa'kʰa-ta 40 5 90 0 S2-6 kʰ 
iɾa'kʰa-ta 40 5 105 0 S3-1 kʰ 
iɾa'kʰa-ta 49 9 69 0 S3-2 kʰ 
iɾa'kʰa-ta 35 9 98 0 S3-3 kʰ 
iɾa'kʰa-ta 31 7 83 0 S3-4 kʰ 
iɾa'kʰa-ta 41 8 83 0 S3-5 kʰ 
iɾa'kʰa-ta 40 6 88 0 S3-6 kʰ 
iɾa'kʰa-ta 57 7 85 0 S4-1 kʰ 
iɾa'kʰa-ta 59 4 83 0 S4-2 kʰ 
iɾa'kʰa-ta 20 8 103 0 S4-3 kʰ 
iɾa'kʰa-ta 35 6 74 0 S4-4 kʰ 
iɾa'kʰa-ta 40 5 83 0 S4-5 kʰ 
iɾa'kʰa-ta 53 4 67 0 S5-1 kʰ 
iɾa'kʰa-ta 46 7 97 0 S5-2 kʰ 
iɾa'kʰa-ta 30 7 120 0 S5-3 kʰ 
iɾa'kʰa-ta 34 4 112 0 S5-4 kʰ 
iɾa'kʰa-ta 58 3 90 0 S5-5 kʰ 
iɾa'kʰa-ta 43 3 95 0 S5-6 kʰ 
o'kʰa-ta 67 3 80 0 S1-1 kʰ 
o'kʰa-ta 54 4 97 0 S1-2 kʰ 
o'kʰa-ta 58 5 89 0 S1-3 kʰ 
o'kʰa-ta 50 2 93 0 S1-5 kʰ 
o'kʰa-ta 49 4 89 0 S1-6 kʰ 
o'kʰa-ta 53 6 92 0 S2-1 kʰ 
o'kʰa-ta 57 5 96 0 S2-2 kʰ 
o'kʰa-ta 69 5 89 0 S2-3 kʰ 
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o'kʰa-ta 71 6 96 0 S2-4 kʰ 
o'kʰa-ta 55 6 89 0 S2-5 kʰ 
o'kʰa-ta 59 4 99 0 S2-6 kʰ 
o'kʰa-ta 41 4 99 0 S3-1 kʰ 
o'kʰa-ta 45 4 85 0 S3-2 kʰ 
o'kʰa-ta 46 4 103 0 S3-3 kʰ 
o'kʰa-ta 56 5 107 0 S3-4 kʰ 
o'kʰa-ta 32 3 104 0 S3-5 kʰ 
o'kʰa-ta 37 3 96 0 S3-6 kʰ 
o'kʰa-ta 51 7 107 0 S4-1 kʰ 
o'kʰa-ta 42 5 108 0 S4-2 kʰ 
o'kʰa-ta 49 6 97 0 S4-3 kʰ 
o'kʰa-ta 58 5 101 0 S4-4 kʰ 
o'kʰa-ta 47 5 93 0 S4-5 kʰ 
o'kʰa-ta 59 5 99 0 S4-6 kʰ 
o'kʰa-ta 41 8 102 0 S5-1 kʰ 
o'kʰa-ta 41 8 112 0 S5-2 kʰ 
o'kʰa-ta 50 6 119 0 S5-3 kʰ 
o'kʰa-ta 43 8 109 0 S5-4 kʰ 
o'kʰa-ta 44 10 104 0 S5-5 kʰ 
o'kʰa-ta 52 7 109 0 S5-6 kʰ 
pakʰu'ɾu-ta 75 8 104 0 S1-1 kʰ 
pakʰu'ɾu-ta 44 6 102 0 S1-2 kʰ 
pakʰu'ɾu-ta 52 5 118 0 S1-3 kʰ 
pakʰu'ɾu-ta 43 5 71 0 S1-4 kʰ 
pakʰu'ɾu-ta 55 6 38 0 S1-5 kʰ 
pakʰu'ɾu-ta 58 5 127 0 S2-1 kʰ 
pakʰu'ɾu-ta 61 5 135 0 S2-2 kʰ 
pakʰu'ɾu-ta 69 8 105 0 S2-3 kʰ 
pakʰu'ɾu-ta 49 8 107 0 S2-4 kʰ 
pakʰu'ɾu-ta 57 5 107 0 S2-5 kʰ 
pakʰu'ɾu-ta 49 7 119 0 S2-6 kʰ 
pakʰu'ɾu-ta 57 4 116 0 S3-1 kʰ 
pakʰu'ɾu-ta 59 5 94 0 S4-1 kʰ 
pakʰu'ɾu-ta 39 9 105 0 S4-2 kʰ 
pakʰu'ɾu-ta 35 5 91 0 S4-3 kʰ 
pakʰu'ɾu-ta 40 9 89 0 S4-4 kʰ 
pakʰu'ɾu-ta 32 8 59 0 S4-5 kʰ 
pakʰu'ɾu-ta 46 7 55 0 S4-6 kʰ 
pakʰu'ɾu-ta 74 11 85 0 S5-1 kʰ 
pakʰu'ɾu-ta 72 5 69 0 S5-2 kʰ 
pakʰu'ɾu-ta 67 10 97 0 S5-3 kʰ 
pakʰu'ɾu-ta 51 8 76 0 S5-4 kʰ 
pakʰu'ɾu-ta 51 8 49 0 S5-5 kʰ 
pakʰu'ɾu-ta 58 12 57 0 S5-6 kʰ 
pedea sa'kʰe-ta 28 5 99 0 S1-2 kʰ 
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pedea sa'kʰe-ta 39 6 125 0 S1-3 kʰ 
pedea sa'kʰe-ta 41 4 94 0 S1-4 kʰ 
pedea sa'kʰe-ta 33 7 96 0 S1-5 kʰ 
pedea sa'kʰe-ta 34 5 110 0 S1-6 kʰ 
pedea sa'kʰe-ta 41 5 164 0 S2-1 kʰ 
pedea sa'kʰe-ta 68 8 103 0 S2-2 kʰ 
pedea sa'kʰe-ta 78 5 142 0 S2-3 kʰ 
pedea sa'kʰe-ta 32 8 133 0 S2-4 kʰ 
pedea sa'kʰe-ta 37 9 106 0 S2-5 kʰ 
pedea sa'kʰe-ta 43 7 110 0 S2-6 kʰ 
pedea sa'kʰe-ta 45 5 135 0 S3-1 kʰ 
pedea sa'kʰe-ta 38 5 77 0 S3-2 kʰ 
pedea sa'kʰe-ta 49 5 91 0 S3-3 kʰ 
pedea sa'kʰe-ta 52 6 51 0 S3-4 kʰ 
pedea sa'kʰe-ta 38 5 72 0 S3-5 kʰ 
pedea sa'kʰe-ta 37 4 74 0 S3-6 kʰ 
pedea sa'kʰe-ta 39 5 123 0 S4-1 kʰ 
pedea sa'kʰe-ta 42 6 111 0 S4-2 kʰ 
pedea sa'kʰe-ta 39 5 97 0 S4-3 kʰ 
pedea sa'kʰe-ta 35 5 81 0 S4-4 kʰ 
pedea sa'kʰe-ta 28 3 72 0 S4-5 kʰ 
pedea sa'kʰe-ta 29 7 76 0 S4-6 kʰ 
pedea sa'kʰe-ta 44 7 74 0 S5-1 kʰ 
pedea sa'kʰe-ta 44 7 86 0 S5-2 kʰ 
pedea sa'kʰe-ta 40 4 91 0 S5-3 kʰ 
pedea sa'kʰe-ta 42 7 61 0 S5-4 kʰ 
pedea sa'kʰe-ta 45 5 72 0 S5-5 kʰ 
pedea sa'kʰe-ta 44 4 71 0 S5-6 kʰ 
pʰa'kʰa-ta 56 7 107 0 S1-1 kʰ 
pʰa'kʰa-ta 52 5 78 0 S1-4 kʰ 
pʰa'kʰa-ta 37 8 131 0 S2-1 kʰ 
pʰa'kʰa-ta 48 6 135 0 S2-2 kʰ 
pʰa'kʰa-ta 37 8 162 0 S2-3 kʰ 
pʰa'kʰa-ta 42 8 127 0 S2-4 kʰ 
pʰa'kʰa-ta 33 8 136 0 S2-5 kʰ 
pʰa'kʰa-ta 31 10 139 0 S2-6 kʰ 
pʰa'kʰa-ta 64 10 121 0 S3-1 kʰ 
pʰa'kʰa-ta 57 4 95 0 S3-2 kʰ 
pʰa'kʰa-ta 79 8 92 0 S3-3 kʰ 
pʰa'kʰa-ta 57 5 95 0 S3-4 kʰ 
pʰa'kʰa-ta 42 5 79 0 S3-5 kʰ 
pʰa'kʰa-ta 43 10 91 0 S3-6 kʰ 
pʰa'kʰa-ta 38 5 80 0 S4-1 kʰ 
pʰa'kʰa-ta 53 5 76 0 S4-2 kʰ 
pʰa'kʰa-ta 49 4 85 0 S4-3 kʰ 
pʰa'kʰa-ta 36 5 76 0 S4-4 kʰ 
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pʰa'kʰa-ta 54 5 108 0 S4-5 kʰ 
pʰa'kʰa-ta 53 6 107 0 S4-6 kʰ 
pʰa'kʰa-ta 68 5 88 0 S5-1 kʰ 
pʰa'kʰa-ta 53 6 124 0 S5-2 kʰ 
pʰa'kʰa-ta 38 5 150 0 S5-3 kʰ 
pʰa'kʰa-ta 71 4 102 0 S5-4 kʰ 
pʰa'kʰa-ta 37 9 130 0 S5-5 kʰ 
pʰa'kʰa-ta 49 8 123 0 S5-6 kʰ 
poɾekʰe'a-ta 34 6 113 0 S1-1 kʰ 
poɾekʰe'a-ta 35 4 115 0 S1-2 kʰ 
poɾekʰe'a-ta 32 4 130 0 S1-3 kʰ 
poɾekʰe'a-ta 31 6 110 0 S1-4 kʰ 
poɾekʰe'a-ta 49 6 96 0 S1-5 kʰ 
poɾekʰe'a-ta 38 6 93 0 S1-6 kʰ 
poɾekʰe'a-ta 60 5 149 0 S2-1 kʰ 
poɾekʰe'a-ta 34 6 98 0 S2-2 kʰ 
poɾekʰe'a-ta 43 6 145 0 S2-3 kʰ 
poɾekʰe'a-ta 34 5 109 0 S2-4 kʰ 
poɾekʰe'a-ta 35 4 92 0 S2-5 kʰ 
poɾekʰe'a-ta 45 9 166 0 S2-6 kʰ 
poɾekʰe'a-ta 48 6 113 0 S3-1 kʰ 
poɾekʰe'a-ta 44 6 108 0 S3-2 kʰ 
poɾekʰe'a-ta 43 6 126 0 S3-3 kʰ 
poɾekʰe'a-ta 47 5 118 0 S3-4 kʰ 
poɾekʰe'a-ta 39 4 106 0 S3-5 kʰ 
poɾekʰe'a-ta 41 5 97 0 S3-6 kʰ 
poɾekʰe'a-ta 74 5 89 0 S4-1 kʰ 
poɾekʰe'a-ta 56 5 95 0 S4-2 kʰ 
poɾekʰe'a-ta 45 7 89 0 S4-3 kʰ 
poɾekʰe'a-ta 51 5 63 0 S4-4 kʰ 
poɾekʰe'a-ta 48 8 115 0 S4-5 kʰ 
poɾekʰe'a-ta 46 6 83 0 S4-6 kʰ 
poɾekʰe'a-ta 46 5 109 0 S5-1 kʰ 
poɾekʰe'a-ta 50 7 117 0 S5-2 kʰ 
poɾekʰe'a-ta 36 6 110 0 S5-3 kʰ 
poɾekʰe'a-ta 50 9 110 0 S5-4 kʰ 
poɾekʰe'a-ta 46 9 55 0 S5-5 kʰ 
so'kʰo-ta 45 5 172 0 S2-1 kʰ 
so'kʰo-ta 31 5 173 0 S2-2 kʰ 
so'kʰo-ta 84 3 143 0 S2-3 kʰ 
so'kʰo-ta 27 6 106 0 S2-4 kʰ 
so'kʰo-ta 39 8 157 0 S2-5 kʰ 
so'kʰo-ta 30 7 145 0 S2-6 kʰ 
so'kʰo-ta 47 6 137 0 S3-1 kʰ 
so'kʰo-ta 48 5 132 0 S3-2 kʰ 
so'kʰo-ta 28 4 126 0 S3-3 kʰ 
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so'kʰo-ta 64 5 89 0 S3-4 kʰ 
so'kʰo-ta 46 9 160 0 S3-5 kʰ 
so'kʰo-ta 76 6 85 0 S3-6 kʰ 
so'kʰo-ta 58 5 102 0 S4-3 kʰ 
so'kʰo-ta 20 5 109 0 S4-4 kʰ 
so'kʰo-ta 38 4 90 0 S4-5 kʰ 
so'kʰo-ta 39 4 79 0 S4-6 kʰ 
so'kʰo-ta 16 2 115 0 S5-3 kʰ 
so'kʰo-ta 53 7 53 0 S5-4 kʰ 
so'kʰo-ta 33 5 82 0 S5-5 kʰ 
so'kʰo-ta 35 6 52 0 S5-6 kʰ 
ʤumakʰĩ'ɾã-ta 78 6 78 0 S5-2 k 
hede'kʰo-ta 56 5 77 0 S5-1 k 
hede'kʰo-ta 51 6 75 0 S5-5 k 
iɾa'kʰa-ta 45 3 77 0 S4-6 k 
pakʰu'ɾu-ta 59 3 96 0 S3-2 k 
pakʰu'ɾu-ta 45 3 68 0 S3-3 k 
pakʰu'ɾu-ta 42 4 84 0 S3-4 k 
pakʰu'ɾu-ta 41 6 104 0 S3-5 k 
pakʰu'ɾu-ta 42 5 79 0 S3-6 k 
pedea sa'kʰe-ta 36 5 91 0 S1-1 k 
poɾekʰe'a-ta 45 5 116 0 S5-6 k 
so'kʰo-ta 59 4 96 0 S5-2 k 
so'kʰo-ta 14 5 119 0 S1-1 k 
so'kʰo-ta 22 5 110 0 S1-3 k 
so'kʰo-ta 65 4 52 0 S1-6 k 
so'kʰo-ta 25 5 101 0 S4-1 k 
so'kʰo-ta 54 7 67 0 S5-1 k 
bakʰa'ɾa-ta 0 0 148 0 S1-1 x 
bakʰa'ɾa-ta 0 0 112 0 S1-2 x 
bakʰa'ɾa-ta 0 0 131 0 S1-3 x 
bakʰa'ɾa-ta 0 0 76 0 S1-4 x 
bakʰa'ɾa-ta 0 0 93 0 S1-5 x 
bakʰa'ɾa-ta 0 0 106 0 S1-6 x 
bakʰa'ɾa-ta 0 0 143 0 S5-6 x 
be'kʰa-ta 0 0 142 0 S1-2 x 
be'kʰa-ta 0 0 66 0 S1-3 x 
be'kʰa-ta 0 0 122 0 S1-5 x 
be'kʰa-ta 0 0 62 0 S1-6 x 
ʤi'kʰo-ta 0 0 119 0 S5-6 x 
ẽkʰa'ra-ta 0 0 115 0 S1-3 x 
hede'kʰo-ta 0 0 140 0 S1-2 x 
hede'kʰo-ta 0 0 157 0 S1-3 x 
hede'kʰo-ta 0 0 141 0 S1-4 x 
hede'kʰo-ta 0 0 120 0 S1-5 x 
hede'kʰo-ta 0 0 115 0 S1-6 x 
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hede'kʰo-ta 0 0 65 0 S3-3 x 
iɾa'kʰa-ta 0 0 125 0 S1-2 x 
iɾa'kʰa-ta 0 0 140 0 S1-3 x 
iɾa'kʰa-ta 0 0 123 0 S1-4 x 
iɾa'kʰa-ta 0 0 127 0 S1-5 x 
o'kʰa-ta 0 0 73 0 S1-4 x 
pakʰu'ɾu-ta 0 0 70 0 S1-6 x 
pʰa'kʰa-ta 0 0 160 0 S1-2 x 
pʰa'kʰa-ta 0 0 135 0 S1-3 x 
pʰa'kʰa-ta 0 0 120 0 S1-5 x 
pʰa'kʰa-ta 0 0 143 0 S1-6 x 
so'kʰo-ta 0 0 147 0 S1-2 x 
so'kʰo-ta 0 0 126 0 S1-4 x 
so'kʰo-ta 0 0 128 0 S1-5 x 
bakʰa'ɾa-ta     S4-1 error 
so'kʰo-ta     S4-2 error 
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DATA FILES: WORD-MEDIAL BILABIAL UNASPIRATED STOP /p/ 
Word FOT Burst Duration Pre-V Spkr Variant 
ã'pa 13 3 29 29 S1-1 b 
ã'pa 12 4 42 42 S1-3 b 
ã'pa 11 5 34 34 S1-4 b 
ã'pa 12 3 29 29 S1-5 b 
ã'pa 8 3 36 36 S1-6 b 
ã'pa 15 4 33 33 S2-2 b 
ã'pa 12 4 36 36 S2-4 b 
ã'pa 15 5 35 35 S2-5 b 
ã'pa 12 4 35 35 S2-6 b 
ã'pa 15 5 56 56 S3-1 b 
ã'pa 16 4 38 38 S3-2 b 
ã'pa 9 4 33 33 S3-3 b 
ã'pa 10 4 32 32 S3-4 b 
ã'pa 11 4 34 34 S3-6 b 
ã'pa 11 3 39 39 S4-1 b 
ã'pa 8 4 41 41 S4-3 b 
ã'pa 9 4 35 35 S4-4 b 
ã'pa 5 3 33 33 S4-5 b 
ã'pa 11 5 37 37 S4-6 b 
ã'pa 14 5 51 51 S5-1 b 
ã'pa 17 4 78 78 S5-2 b 
ã'pa 9 4 50 50 S5-4 b 
ã'pa 10 4 50 50 S5-5 b 
ã'pa 12 3 51 51 S5-6 b 
bi'pa 7 3 120 120 S2-1 b 
bi'pa 11 5 119 119 S2-3 b 
bi'pa 14 5 105 105 S2-4 b 
bi'pa 18 5 127 127 S2-5 b 
bi'pa 16 4 120 120 S3-3 b 
bi'pa 17 4 84 84 S3-4 b 
bi'pa 16 4 130 130 S3-5 b 
bi'pa 11 5 153 153 S4-1 b 
bi'pa 10 4 120 120 S4-2 b 
bi'pa 10 3 113 113 S4-3 b 
bi'pa 11 3 93 93 S4-4 b 
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bi'pa 8 3 144 144 S4-5 b 
bi'pa 10 5 135 135 S4-6 b 
ĩpi-'ɾa-ta 10 2 27 27 S1-1 b 
ĩpi-'ɾa-ta 14 4 40 40 S1-2 b 
ĩpi-'ɾa-ta 14 5 36 36 S1-3 b 
ĩpi-'ɾa-ta 13 4 37 37 S1-4 b 
ĩpi-'ɾa-ta 12 4 38 38 S1-5 b 
ĩpi-'ɾa-ta 7 4 34 34 S1-6 b 
ĩpi-'ɾa-ta 14 5 28 28 S2-1 b 
ĩpi-'ɾa-ta 13 3 47 47 S2-2 b 
ĩpi-'ɾa-ta 9 4 34 34 S2-3 b 
ĩpi-'ɾa-ta 11 4 34 34 S2-4 b 
ĩpi-'ɾa-ta 6 6 39 39 S2-5 b 
ĩpi-'ɾa-ta 8 4 41 41 S2-6 b 
ĩpi-'ɾa-ta 10 4 37 37 S3-1 b 
ĩpi-'ɾa-ta 10 5 23 23 S3-2 b 
ĩpi-'ɾa-ta 12 5 32 32 S3-3 b 
ĩpi-'ɾa-ta 7 3 30 30 S3-5 b 
ĩpi-'ɾa-ta 8 3 32 32 S3-6 b 
ĩpi-'ɾa-ta 12 5 47 47 S4-1 b 
ĩpi-'ɾa-ta 9 3 44 44 S4-2 b 
ĩpi-'ɾa-ta 8 4 35 35 S4-3 b 
ĩpi-'ɾa-ta 10 3 32 32 S4-4 b 
ĩpi-'ɾa-ta 10 4 43 43 S4-5 b 
ĩpi-'ɾa-ta 11 4 39 39 S4-6 b 
ĩpi-'ɾa-ta 10 5 36 36 S5-1 b 
ĩpi-'ɾa-ta 21 3 33 33 S5-2 b 
ĩpi-'ɾa-ta 10 4 59 59 S5-3 b 
ĩpi-'ɾa-ta 11 3 28 28 S5-4 b 
ĩpi-'ɾa-ta 9 3 42 42 S5-6 b 
põpõ'ɾã-ta 8 2 17 17 S1-1 b 
põpõ'ɾã-ta 9 2 16 16 S1-2 b 
põpõ'ɾã-ta 11 3 15 15 S1-3 b 
põpõ'ɾã-ta 14 3 22 22 S1-5 b 
põpõ'ɾã-ta 12 3 22 22 S1-6 b 
põpõ'ɾã-ta 11 2 29 29 S2-1 b 
põpõ'ɾã-ta 10 3 27 27 S2-2 b 
põpõ'ɾã-ta 11 2 28 28 S2-3 b 
põpõ'ɾã-ta 17 4 23 23 S2-4 b 
põpõ'ɾã-ta 12 3 27 27 S2-5 b 
põpõ'ɾã-ta 12 3 24 24 S2-6 b 
põpõ'ɾã-ta 11 3 20 20 S3-1 b 
põpõ'ɾã-ta 9 3 31 31 S3-2 b 
põpõ'ɾã-ta 7 2 20 20 S3-3 b 
põpõ'ɾã-ta 8 4 42 42 S3-4 b 
põpõ'ɾã-ta 7 3 29 29 S3-5 b 
155 
Word FOT Burst Duration Pre-V Spkr Variant 
põpõ'ɾã-ta 9 3 20 20 S4-1 b 
põpõ'ɾã-ta 8 3 20 20 S4-2 b 
põpõ'ɾã-ta 12 2 29 29 S4-3 b 
põpõ'ɾã-ta 8 2 20 20 S4-4 b 
põpõ'ɾã-ta 9 3 21 21 S4-5 b 
põpõ'ɾã-ta 9 2 28 28 S4-6 b 
põpõ'ɾã-ta 18 3 25 25 S5-1 b 
põpõ'ɾã-ta 11 3 20 20 S5-2 b 
põpõ'ɾã-ta 12 2 25 25 S5-3 b 
põpõ'ɾã-ta 12 2 29 29 S5-4 b 
põpõ'ɾã-ta 8 3 30 30 S5-5 b 
põpõ'ɾã-ta 13 2 27 27 S5-6 b 
sũpi'pi-ta 14 4 110 110 S1-1 b 
sũpi'pi-ta 14 4 98 98 S1-2 b 
sũpi'pi-ta 23 4 78 78 S1-3 b 
sũpi'pi-ta 10 5 78 78 S1-4 b 
sũpi'pi-ta 13 5 93 93 S1-5 b 
sũpi'pi-ta 12 5 73 73 S1-6 b 
sũpi'pi-ta 20 3 80 80 S2-1 b 
sũpi'pi-ta 19 4 65 65 S2-2 b 
sũpi'pi-ta 17 5 125 125 S3-1 b 
sũpi'pi-ta 14 5 88 88 S3-3 b 
sũpi'pi-ta 14 4 95 95 S3-4 b 
sũpi'pi-ta 12 6 81 81 S3-5 b 
sũpi'pi-ta 10 5 87 87 S3-6 b 
sũpi'pi-ta 9 3 85 85 S4-1 b 
sũpi'pi-ta 11 4 64 64 S4-2 b 
sũpi'pi-ta 11 4 87 87 S4-4 b 
sũpi'pi-ta 11 4 97 97 S4-5 b 
sũpi'pi-ta 7 5 78 78 S4-6 b 
sũpi'pi-ta 10 4 99 99 S5-2 b 
sũpi'pi-ta 14 4 76 76 S5-4 b 
sũpi'pi-ta 9 3 102 102 S5-5 b 
tʰʉ'pʉ-ta 9 5 77 77 S1-1 b 
tʰʉ'pʉ-ta 14 3 110 110 S1-2 b 
tʰʉ'pʉ-ta 8 5 106 106 S1-4 b 
tʰʉ'pʉ-ta 17 5 120 120 S2-1 b 
tʰʉ'pʉ-ta 12 4 125 125 S2-2 b 
tʰʉ'pʉ-ta 18 5 106 106 S2-3 b 
tʰʉ'pʉ-ta 12 6 152 152 S2-4 b 
tʰʉ'pʉ-ta 13 4 133 133 S2-5 b 
tʰʉ'pʉ-ta 11 5 123 123 S2-6 b 
tʰʉ'pʉ-ta 16 6 101 101 S3-1 b 
tʰʉ'pʉ-ta 12 4 90 90 S3-2 b 
tʰʉ'pʉ-ta 11 5 105 105 S3-4 b 
tʰʉ'pʉ-ta 10 3 89 89 S3-6 b 
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tʰʉ'pʉ-ta 18 5 84 84 S4-1 b 
tʰʉ'pʉ-ta 11 5 76 76 S4-3 b 
tʰʉ'pʉ-ta 12 5 81 81 S4-4 b 
tʰʉ'pʉ-ta 11 7 74 74 S4-5 b 
tʰʉ'pʉ-ta 14 3 82 82 S5-6 b 
ã'pa 17 4 39 0 S2-1 p 
ã'pa 28 5 38 0 S2-3 p 
bi'pa 10 5 133 0 S1-1 p 
bi'pa 16 5 123 0 S1-2 p 
bi'pa 13 5 127 0 S1-3 p 
bi'pa 13 6 132 0 S1-4 p 
bi'pa 18 5 130 0 S1-5 p 
bi'pa 16 5 110 0 S1-6 p 
bi'pa 14 5 119 0 S2-2 p 
bi'pa 22 7 135 0 S2-6 p 
bi'pa 22 4 136 0 S3-1 p 
bi'pa 15 5 112 0 S3-2 p 
bi'pa 14 6 108 0 S3-6 p 
bi'pa 18 5 144 0 S5-1 p 
bi'pa 13 5 153 0 S5-2 p 
bi'pa 14 5 150 0 S5-3 p 
bi'pa 17 6 151 0 S5-4 p 
bi'pa 9 2 117 0 S5-5 p 
bi'pa 12 5 142 0 S5-6 p 
sũpi'pi-ta 17 5 82 0 S3-2 p 
sũpi'pi-ta 19 4 78 0 S5-1 p 
sũpi'pi-ta 19 4 93 0 S5-3 p 
sũpi'pi-ta 19 3 94 0 S5-6 p 
tʰʉ'pʉ-ta 14 4 100 0 S5-1 p 
tʰʉ'pʉ-ta 21 5 102 0 S5-2 p 
tʰʉ'pʉ-ta 23 4 110 0 S5-3 p 
ã'pa 0 0 37 37 S1-2 β 
ã'pa 0 0 40 40 S4-2 β 
ã'pa 0 0 59 59 S5-3 β 
ĩpiɾa-ta 0 0 40 40 S3-4 β 
ĩpiɾa-ta 0 0 69 69 S5-5 β 
põpõ'ɾã-ta 0 0 31 31 S1-4 β 
põpõ'ɾã-ta 0 0 36 36 S3-6 β 
sũpi'pi-ta 0 0 68 68 S2-3 β 
sũpi'pi-ta 0 0 62 62 S2-4 β 
sũpi'pi-ta 0 0 46 46 S2-5 β 
sũpi'pi-ta 0 0 76 76 S2-6 β 
sũpi'pi-ta 0 0 73 73 S4-3 β 
tʰʉ'pʉ-ta 0 0 83 83 S1-3 β 
tʰʉ'pʉ-ta 0 0 101 101 S1-5 β 
tʰʉ'pʉ-ta 0 0 75 75 S1-6 β 
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tʰʉ'pʉ-ta 0 0 77 77 S3-3 β 
tʰʉ'pʉ-ta 0 0 96 96 S3-5 β 
tʰʉ'pʉ-ta 0 0 76 76 S4-2 β 
tʰʉ'pʉ-ta 0 0 79 79 S4-6 β 
tʰʉ'pʉ-ta 0 0 110 110 S5-4 β 
tʰʉ'pʉ-ta 0 0 90 90 S5-5 β 
ã'pa         S3-5 error 
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DATA FILES: WORD-MEDIAL ALVEOLAR UNASPIRATED STOP /t/ 
Word FOT Burst Duration Pre-V Spkr Variant 
be'ta-ta 12 5 87 87 S1-2 d 
be'ta-ta 18 5 75 75 S1-4 d 
be'ta-ta 12 4   S2-2 d 
be'ta-ta 10 4 135 135 S2-3 d 
be'ta-ta 22 4 134 134 S4-1 d 
be'ta-ta 16 5 117 117 S4-2 d 
be'ta-ta 16 4 90 90 S4-3 d 
be'ta-ta 11 4 105 105 S4-5 d 
hi'tape 16 4 140 140 S2-2 d 
hi'tape 11 4 125 125 S4-3 d 
hi'tape 8 3 115 115 S4-5 d 
hi'tape 9 4 114 114 S4-6 d 
pʰa'ta-ta 13 8 93 93 S1-1 d 
pʰa'ta-ta 21 8 87 87 S1-2 d 
pʰa'ta-ta 21 5 93 93 S1-3 d 
pʰa'ta-ta 14 4 74 74 S1-4 d 
pʰa'ta-ta 11 4 88 88 S1-5 d 
pʰa'ta-ta 11 4 92 92 S1-6 d 
pʰa'ta-ta 16 6 106 106 S2-1 d 
pʰa'ta-ta 14 5 155 155 S2-2 d 
pʰa'ta-ta 12 6 112 112 S2-5 d 
pʰa'ta-ta 16 7 159 159 S2-6 d 
pʰa'ta-ta 16 7 111 111 S3-4 d 
pʰa'ta-ta 18 5 100 100 S3-5 d 
pʰa'ta-ta 7 3 141 141 S4-1 d 
pʰa'ta-ta 6 3 96 96 S4-2 d 
pʰa'ta-ta 11 5 93 93 S4-3 d 
pʰa'ta-ta 13 8 69 69 S4-4 d 
pʰa'ta-ta 12 6 118 118 S4-5 d 
pʰa'ta-ta 8 4 126 126 S4-6 d 
pʰi'ɾatɾu 30 5 81 81 S1-1 d 
pʰi'ɾatɾu 33 5 89 89 S1-2 d 
pʰi'ɾatɾu 32 6 98 98 S1-3 d 
pʰi'ɾatɾu 34 5 82 82 S1-4 d 
pʰi'ɾatɾu 35 6 102 102 S1-5 d 
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pʰi'ɾatɾu 34 4 96 96 S1-6 d 
pʰi'ɾatɾu 32 4   S2-1 d 
pʰi'ɾatɾu 36 4 97 97 S2-2 d 
pʰi'ɾatɾu 31 5 100 100 S2-3 d 
pʰi'ɾatɾu 35 6 89 89 S2-4 d 
pʰi'ɾatɾu 36 5 92 92 S2-5 d 
pʰi'ɾatɾu 38 5 99 99 S2-6 d 
pʰi'ɾatɾu 37 6 101 101 S3-1 d 
pʰi'ɾatɾu 32 6 93 93 S3-2 d 
pʰi'ɾatɾu 39 5 80 80 S3-4 d 
pʰi'ɾatɾu 36 6 103 103 S3-5 d 
pʰi'ɾatɾu 36 6 115 115 S4-1 d 
pʰi'ɾatɾu 30 5 61 61 S4-2 d 
pʰi'ɾatɾu 30 4 59 59 S4-3 d 
pʰi'ɾatɾu 35 6 79 79 S4-4 d 
pʰi'ɾatɾu 39 3 58 58 S4-5 d 
pʰi'ɾatɾu 40 4 70 70 S4-6 d 
pʰi'ɾatɾu 45 5 86 86 S5-6 d 
tɾʉ̃'taʉ-ta 15 6 30 30 S1-1 d 
tɾʉ̃'taʉ-ta 15 4 33 33 S1-2 d 
tɾʉ̃'taʉ-ta 13 5 34 34 S1-3 d 
tɾʉ̃'taʉ-ta 12 6 39 39 S1-4 d 
tɾʉ̃'taʉ-ta 14 6 34 34 S1-5 d 
tɾʉ̃'taʉ-ta 13 6 35 35 S1-6 d 
tɾʉ̃'taʉ-ta 15 5 50 50 S2-1 d 
tɾʉ̃'taʉ-ta 15 8 52 52 S2-2 d 
tɾʉ̃'taʉ-ta 14 8 48 48 S2-4 d 
tɾʉ̃'taʉ-ta 11 6 44 44 S2-5 d 
tɾʉ̃'taʉ-ta 12 4 53 53 S2-6 d 
tɾʉ̃'taʉ-ta 10 4 71 71 S3-2 d 
tɾʉ̃'taʉ-ta 17 6 26 26 S3-4 d 
tɾʉ̃'taʉ-ta 16 6 60 60 S3-5 d 
tɾʉ̃'taʉ-ta 13 4 59 59 S3-6 d 
tɾʉ̃'taʉ-ta 9 4 38 38 S4-1 d 
tɾʉ̃'taʉ-ta 15 7 39 39 S4-2 d 
tɾʉ̃'taʉ-ta 9 4 20 20 S4-3 d 
tɾʉ̃'taʉ-ta 19 9 39 39 S4-4 d 
tɾʉ̃'taʉ-ta 10 6 23 23 S4-5 d 
tɾʉ̃'taʉ-ta 10 6 37 37 S4-6 d 
tɾʉ̃'taʉ-ta 17 5 43 43 S5-1 d 
tɾʉ̃'taʉ-ta 17 5 29 29 S5-2 d 
tɾʉ̃'taʉ-ta 14 5 51 51 S5-3 d 
tɾʉ̃'taʉ-ta 12 5 35 35 S5-4 d 
tɾʉ̃'taʉ-ta 12 4 34 34 S5-5 d 
tɾʉ̃'taʉ-ta 14 6 32 32 S5-6 d 
be'ta-ta 17 7 82 0 S1-1 t 
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be'ta-ta 25 7 99 0 S1-3 t 
be'ta-ta 20 6 89 0 S1-5 t 
be'ta-ta 28 5 84 0 S1-6 t 
be'ta-ta 12 5 189 0 S2-1 t 
be'ta-ta 12 8 134 0 S2-4 t 
be'ta-ta 14 8 160 0 S2-5 t 
be'ta-ta 15 8 131 0 S2-6 t 
be'ta-ta 16 6 154 0 S3-1 t 
be'ta-ta 22 8 86 0 S3-4 t 
be'ta-ta 18 6 126 0 S3-5 t 
be'ta-ta 16 6 115 0 S3-6 t 
be'ta-ta 18 5 89 0 S4-4 t 
be'ta-ta 15 4 88 0 S4-6 t 
be'ta-ta 12 4 115 0 S5-1 t 
be'ta-ta 14 4 143 0 S5-2 t 
be'ta-ta 21 4 92 0 S5-3 t 
be'ta-ta 22 8 94 0 S5-4 t 
be'ta-ta 13 5 102 0 S5-5 t 
be'ta-ta 18 6 105 0 S5-6 t 
hi'tape 21 10 118 0 S1-1 t 
hi'tape 30 6 120 0 S1-2 t 
hi'tape 37 6 116 0 S1-3 t 
hi'tape 21 9 111 0 S1-4 t 
hi'tape 47 11 103 0 S1-5 t 
hi'tape 22 7 102 0 S1-6 t 
hi'tape 21 8 136 0 S2-1 t 
hi'tape 20 6 145 0 S2-3 t 
hi'tape 19 8 133 0 S2-4 t 
hi'tape 19 5  0 S2-5 t 
hi'tape 17 7 132 0 S2-6 t 
hi'tape 16 6 132 0 S3-1 t 
hi'tape 17 8 89 0 S3-2 t 
hi'tape 15 8 116 0 S3-3 t 
hi'tape 18 8 124 0 S3-4 t 
hi'tape 17 8 128 0 S3-5 t 
hi'tape 20 7 114 0 S3-6 t 
hi'tape 18 7 131 0 S4-1 t 
hi'tape 23 10 137 0 S4-2 t 
hi'tape 18 5 90 0 S4-4 t 
hi'tape 12 6 107 0 S5-1 t 
hi'tape 16 5 111 0 S5-2 t 
hi'tape 24 7 118 0 S5-3 t 
hi'tape 15 4 90 0 S5-4 t 
hi'tape 21 6 138 0 S5-5 t 
hi'tape 23 4 82 0 S5-6 t 
pʰa'ta-ta 15 8 130 0 S2-3 t 
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pʰa'ta-ta 22 9 120 0 S2-4 t 
pʰa'ta-ta 16 5 144 0 S3-1 t 
pʰa'ta-ta 25 7 98 0 S3-2 t 
pʰa'ta-ta 23 6 84 0 S3-3 t 
pʰa'ta-ta 18 6 111 0 S3-6 t 
pʰa'ta-ta 19 5 118 0 S5-1 t 
pʰa'ta-ta 16 7 131 0 S5-2 t 
pʰa'ta-ta 32 6 108 0 S5-3 t 
pʰa'ta-ta 22 6 100 0 S5-4 t 
pʰa'ta-ta 17 7 119 0 S5-5 t 
pʰa'ta-ta 11 6 133 0 S5-6 t 
pʰi'ɾatɾu 36 5 92 0 S3-3 t 
pʰi'ɾatɾu 38 4 79 0 S5-1 t 
pʰi'ɾatɾu 35 7 92 0 S5-2 t 
pʰi'ɾatɾu 33 5 76 0 S5-3 t 
pʰi'ɾatɾu 51 6 78 0 S5-4 t 
pʰi'ɾatɾu 38 4 101 0 S5-5 t 
tɾʉ̃'taʉ-ta 26 8 37 0 S2-3 t 
tɾʉ̃'taʉ-ta 16 6 79 0 S3-1 t 
tɾʉ̃'taʉ-ta 22 8 50 0 S3-3 t 
pʰi'ɾatɾu     S3-6 error 
be'ta-ta     S3-2 error 
be'ta-ta     S3-3 error 
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DATA FILES: WORD-MEDIAL UNASPIRATED STOP /k/ 
Word FOT Burst Duration Pre-V Spkr Variant 
baka'ɾa-ta 29 5 51 51 S2-4 ɡ 
baka'ɾa-ta 17 5 60 60 S3-5 ɡ 
baka'ɾa-ta 27 5 45 45 S4-1 ɡ 
be'ko-ta 28 5 83 83 S2-4 ɡ 
be'ko-ta 52 5 69 69 S2-5 ɡ 
be'ko-ta 29 4 84 84 S2-6 ɡ 
be'ko-ta 38 3 47 47 S3-2 ɡ 
be'ko-ta 47 3 63 63 S3-3 ɡ 
be'ko-ta 45 5 56 56 S3-4 ɡ 
be'ko-ta 29 3 70 70 S3-5 ɡ 
be'ko-ta 47 5 63 63 S3-6 ɡ 
be'ko-ta 61 5 47 47 S4-3 ɡ 
be'ko-ta 29 4 56 56 S4-6 ɡ 
be'ko-ta 22 5 76 76 S5-3 ɡ 
bu'ke-ta 26 6 108 108 S1-1 ɡ 
bu'ke-ta 23 5 104 104 S1-2 ɡ 
bu'ke-ta 20 5 85 85 S1-3 ɡ 
bu'ke-ta 24 4 89 89 S1-4 ɡ 
bu'ke-ta 24 5 81 81 S1-5 ɡ 
bu'ke-ta 20 5 80 80 S1-6 ɡ 
bu'ke-ta 26 5 92 92 S2-5 ɡ 
bu'ke-ta 31 7 76 76 S2-6 ɡ 
bu'ke-ta 27 4 119 119 S3-1 ɡ 
bu'ke-ta 19 3 87 87 S3-2 ɡ 
bu'ke-ta 18 4 90 90 S3-3 ɡ 
bu'ke-ta 27 3 97 97 S3-4 ɡ 
bu'ke-ta 29 3 90 90 S3-5 ɡ 
bu'ke-ta 26 5 94 94 S3-6 ɡ 
bu'ke-ta 26 3 100 100 S4-1 ɡ 
bu'ke-ta 39 4 82 82 S4-2 ɡ 
bu'ke-ta 26 4 97 97 S4-3 ɡ 
bu'ke-ta 21 4 73 73 S4-4 ɡ 
bu'ke-ta 25 4 117 117 S4-5 ɡ 
bu'ke-ta 15 3 77 77 S4-6 ɡ 
bu'ke-ta 29 4 68 68 S5-4 ɡ 
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bu'ke-ta 26 4 73 73 S5-6 ɡ 
eko'ɾo-ta 21 6 36 36 S1-4 ɡ 
eko'ɾo-ta 38 9 41 41 S2-2 ɡ 
eko'ɾo-ta 41 7 78 78 S2-4 ɡ 
eko'ɾo-ta 34 8 45 45 S2-5 ɡ 
eko'ɾo-ta 46 6 35 35 S2-6 ɡ 
eko'ɾo-ta 20 3 47 47 S3-1 ɡ 
eko'ɾo-ta 24 6 16 16 S3-5 ɡ 
eko'ɾo-ta 14 4 26 26 S3-6 ɡ 
eko'ɾo-ta 25 5 33 33 S4-1 ɡ 
eko'ɾo-ta 32 4 57 57 S4-2 ɡ 
eko'ɾo-ta 28 6 27 27 S4-3 ɡ 
eko'ɾo-ta 33 6 30 30 S4-4 ɡ 
eko'ɾo-ta 28 4 28 28 S4-5 ɡ 
eko'ɾo-ta 27 5 45 45 S4-6 ɡ 
eko'ɾo-ta 30 4 53 53 S5-1 ɡ 
eko'ɾo-ta 26 6 36 36 S5-4 ɡ 
mõka'ɾa-ta 11 4 16 16 S1-5 ɡ 
mõka'ɾa-ta 20 4 36 36 S2-1 ɡ 
mõka'ɾa-ta 24 4 24 24 S2-2 ɡ 
mõka'ɾa-ta 22 4 14 14 S2-3 ɡ 
mõka'ɾa-ta 42 4 10 10 S2-4 ɡ 
mõka'ɾa-ta 15 4 15 15 S2-5 ɡ 
mõka'ɾa-ta 31 5 14 14 S2-6 ɡ 
mõka'ɾa-ta 9 3 39 39 S3-1 ɡ 
mõka'ɾa-ta 13 4 37 37 S3-2 ɡ 
mõka'ɾa-ta 18 4 56 56 S3-3 ɡ 
mõka'ɾa-ta 20 4 32 32 S3-4 ɡ 
mõka'ɾa-ta 11 4 15 15 S3-5 ɡ 
mõka'ɾa-ta 9 4 46 46 S3-6 ɡ 
mõka'ɾa-ta 11 4 25 25 S4-1 ɡ 
mõka'ɾa-ta 11 4 22 22 S4-2 ɡ 
mõka'ɾa-ta 17 5 23 23 S4-3 ɡ 
mõka'ɾa-ta 30 5 23 23 S4-4 ɡ 
mõka'ɾa-ta 12 6 28 28 S4-5 ɡ 
mõka'ɾa-ta 20 2 45 45 S5-1 ɡ 
mõka'ɾa-ta 41 5 18 18 S5-2 ɡ 
mõka'ɾa-ta 24 4 24 24 S5-3 ɡ 
mõka'ɾa-ta 55 4 35 35 S5-4 ɡ 
mõka'ɾa-ta 51 4 16 16 S5-5 ɡ 
mõka'ɾa-ta 23 4 23 23 S5-6 ɡ 
o'ka-ta 55 5 49 49 S1-1 ɡ 
o'ka-ta 36 3 67 67 S1-5 ɡ 
o'ka-ta 13 7 86 86 S2-2 ɡ 
o'ka-ta 20 4 69 69 S2-4 ɡ 
o'ka-ta 25 7 78 78 S2-5 ɡ 
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o'ka-ta 22 3 85 85 S3-1 ɡ 
o'ka-ta 32 7 60 60 S3-2 ɡ 
o'ka-ta 31 6 63 63 S3-3 ɡ 
o'ka-ta 39 5 40 40 S3-4 ɡ 
o'ka-ta 20 3 63 63 S3-6 ɡ 
o'ka-ta 21 4 78 78 S4-1 ɡ 
o'ka-ta 17 5 76 76 S4-3 ɡ 
o'ka-ta 14 4 59 59 S4-5 ɡ 
o'ka-ta 32 8 29 29 S4-6 ɡ 
o'ka-ta 22 6 103 103 S5-5 ɡ 
o'ka-ta 34 6 36 36 S5-6 ɡ 
oɾeke'a-ta 25 4 67 67 S1-1 ɡ 
oɾeke'a-ta 28 6 72 72 S1-2 ɡ 
oɾeke'a-ta 32 4 63 63 S1-3 ɡ 
oɾeke'a-ta 19 7 57 57 S1-5 ɡ 
oɾeke'a-ta 25 9 53 53 S2-2 ɡ 
oɾeke'a-ta 29 8 66 66 S2-4 ɡ 
oɾeke'a-ta 17 10 76 76 S2-5 ɡ 
oɾeke'a-ta 31 6 41 41 S2-6 ɡ 
oɾeke'a-ta 38 4 86 86 S3-1 ɡ 
oɾeke'a-ta 30 6 62 62 S3-2 ɡ 
oɾeke'a-ta 45 5 50 50 S3-3 ɡ 
oɾeke'a-ta 37 5 41 41 S3-4 ɡ 
oɾeke'a-ta 37 5 38 38 S3-5 ɡ 
oɾeke'a-ta 30 5 56 56 S4-1 ɡ 
oɾeke'a-ta 20 4 69 69 S4-2 ɡ 
oɾeke'a-ta 25 4 38 38 S4-3 ɡ 
oɾeke'a-ta 27 4 30 30 S4-5 ɡ 
oɾeke'a-ta 24 5 72 72 S4-6 ɡ 
oɾeke'a-ta 42 15 61 61 S5-1 ɡ 
oɾeke'a-ta 29 5 50 50 S5-4 ɡ 
oɾeke'a-ta 20 4 32 32 S5-5 ɡ 
oɾeke'a-ta 38 4 88 88 S5-6 ɡ 
pʰõ'ka-ta 20 3 20 20 S1-1 ɡ 
pʰõ'ka-ta 20 4 21 21 S1-3 ɡ 
pʰõ'ka-ta 23 5 15 15 S1-4 ɡ 
pʰõ'ka-ta 23 4 14 14 S1-5 ɡ 
pʰõ'ka-ta 18 5 11 11 S1-6 ɡ 
pʰõ'ka-ta 28 4 31 31 S2-1 ɡ 
pʰõ'ka-ta 21 6 18 18 S2-3 ɡ 
pʰõ'ka-ta 20 5 12 12 S2-4 ɡ 
pʰõ'ka-ta 33 4 32 32 S2-5 ɡ 
pʰõ'ka-ta 24 5 10 10 S2-6 ɡ 
pʰõ'ka-ta 16 5 36 36 S3-2 ɡ 
pʰõ'ka-ta 27 4 50 50 S3-3 ɡ 
pʰõ'ka-ta 17 6 17 17 S3-4 ɡ 
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pʰõ'ka-ta 10 5 23 23 S3-5 ɡ 
pʰõ'ka-ta 16 4 16 16 S3-6 ɡ 
pʰõ'ka-ta 17 4 18 18 S4-1 ɡ 
pʰõ'ka-ta 16 5 23 23 S4-2 ɡ 
pʰõ'ka-ta 10 4 20 20 S4-3 ɡ 
pʰõ'ka-ta 12 4 26 26 S4-4 ɡ 
pʰõ'ka-ta 15 5 20 20 S4-5 ɡ 
pʰõ'ka-ta 19 4 17 17 S4-6 ɡ 
pʰõ'ka-ta 18 5 17 17 S5-1 ɡ 
pʰõ'ka-ta 29 6 32 32 S5-2 ɡ 
pʰõ'ka-ta 25 3 27 27 S5-3 ɡ 
pʰõ'ka-ta 16 5 17 17 S5-4 ɡ 
pʰõ'ka-ta 19 6 18 18 S5-5 ɡ 
pi'ka-ta 52 5 52 52 S1-5 ɡ 
pi'ka-ta 32 5 87 87 S4-4 ɡ 
pi'ka-ta 29 3 86 86 S4-5 ɡ 
sʉkʉ'a-ta 34 16 96 96 S1-1 ɡ 
sʉkʉ'a-ta 35 6 90 90 S1-2 ɡ 
sʉkʉ'a-ta 42 6 72 72 S1-3 ɡ 
sʉkʉ'a-ta 34 5 79 79 S1-4 ɡ 
sʉkʉ'a-ta 33 5 60 60 S1-5 ɡ 
sʉkʉ'a-ta 34 5 75 75 S2-2 ɡ 
sʉkʉ'a-ta 39 5 38 38 S2-5 ɡ 
sʉkʉ'a-ta 28 8 63 63 S3-1 ɡ 
sʉkʉ'a-ta 43 5 70 70 S3-2 ɡ 
sʉkʉ'a-ta 36 7 72 72 S3-3 ɡ 
sʉkʉ'a-ta 32 5 45 45 S3-4 ɡ 
sʉkʉ'a-ta 31 6 84 84 S3-5 ɡ 
sʉkʉ'a-ta 31 7 30 30 S3-6 ɡ 
sʉkʉ'a-ta 33 5 44 44 S4-1 ɡ 
sʉkʉ'a-ta 44 5 30 30 S4-2 ɡ 
sʉkʉ'a-ta 60 9 88 88 S5-3 ɡ 
sʉkʉ'a-ta 21 6 60 60 S5-6 ɡ 
toko'a-ta 12 3 67 67 S3-3 ɡ 
toko'a-ta 11 4 94 94 S4-2 ɡ 
toko'a-ta 14 3 26 26 S4-3 ɡ 
ũɾã'ka-ta 38 4 17 17 S1-2 ɡ 
ũɾã'ka-ta 26 4 12 12 S1-5 ɡ 
ũɾã'ka-ta 34 3 12 12 S1-6 ɡ 
ũɾã'ka-ta 19 5 51 51 S2-1 ɡ 
ũɾã'ka-ta 17 4 23 23 S2-2 ɡ 
ũɾã'ka-ta 27 4 20 20 S2-3 ɡ 
ũɾã'ka-ta 22 5 30 30 S2-4 ɡ 
ũɾã'ka-ta 11 4 18 18 S2-5 ɡ 
ũɾã'ka-ta 24 4 22 22 S2-6 ɡ 
ũɾã'ka-ta 23 4 41 41 S3-1 ɡ 
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ũɾã'ka-ta 17 5 44 44 S3-2 ɡ 
ũɾã'ka-ta 26 4 55 55 S3-3 ɡ 
ũɾã'ka-ta 24 5 30 30 S3-4 ɡ 
ũɾã'ka-ta 26 5 20 20 S3-5 ɡ 
ũɾã'ka-ta 28 5 39 39 S4-1 ɡ 
ũɾã'ka-ta 16 5 35 35 S4-2 ɡ 
ũɾã'ka-ta 23 6 18 18 S4-3 ɡ 
ũɾã'ka-ta 23 4 29 29 S4-4 ɡ 
ũɾã'ka-ta 22 4 24 24 S4-5 ɡ 
ũɾã'ka-ta 24 5 19 19 S4-6 ɡ 
ũɾã'ka-ta 17 5 40 40 S5-1 ɡ 
ũɾã'ka-ta 17 4 18 18 S5-2 ɡ 
ũɾã'ka-ta 22 3 33 33 S5-3 ɡ 
ũɾã'ka-ta 22 6 38 38 S5-4 ɡ 
ũɾã'ka-ta 30 4 32 32 S5-5 ɡ 
ũɾã'ka-ta 18 5 22 22 S5-6 ɡ 
baka'ɾa-ta 0 0 53 53 S1-1 ɣ 
baka'ɾa-ta 0 0 58 58 S1-2 ɣ 
baka'ɾa-ta 0 0 62 62 S1-3 ɣ 
baka'ɾa-ta 0 0 55 55 S1-4 ɣ 
baka'ɾa-ta 0 0 51 51 S1-5 ɣ 
baka'ɾa-ta 0 0 58 58 S1-6 ɣ 
baka'ɾa-ta 0 0 51 51 S2-2 ɣ 
baka'ɾa-ta 0 0 51 51 S2-3 ɣ 
baka'ɾa-ta 0 0 59 59 S2-5 ɣ 
baka'ɾa-ta 0 0 68 68 S3-1 ɣ 
baka'ɾa-ta 0 0 43 43 S3-2 ɣ 
baka'ɾa-ta 0 0 46 46 S3-3 ɣ 
baka'ɾa-ta 0 0 40 40 S3-4 ɣ 
baka'ɾa-ta 0 0 58 58 S3-6 ɣ 
baka'ɾa-ta 0 0 33 33 S4-3 ɣ 
baka'ɾa-ta 0 0 40 40 S4-4 ɣ 
baka'ɾa-ta 0 0 48 48 S4-5 ɣ 
baka'ɾa-ta 0 0 43 43 S4-6 ɣ 
baka'ɾa-ta 0 0 85 85 S5-2 ɣ 
baka'ɾa-ta 0 0 90 90 S5-3 ɣ 
baka'ɾa-ta 0 0 72 72 S5-4 ɣ 
baka'ɾa-ta 0 0 62 62 S5-5 ɣ 
be'ko-ta 0 0 51 51 S1-2 ɣ 
be'ko-ta 0 0 77 77 S1-3 ɣ 
be'ko-ta 0 0 80 80 S1-5 ɣ 
be'ko-ta 0 0 89 89 S1-6 ɣ 
be'ko-ta 0 0 65 65 S5-5 ɣ 
be'ko-ta 0 0 96 96 S5-6 ɣ 
eko'ɾo-ta 0 0 68 68 S1-1 ɣ 
eko'ɾo-ta 0 0 71 71 S1-2 ɣ 
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eko'ɾo-ta 0 0 38 38 S1-3 ɣ 
ekoˈɾo-ta 0 0 47 47 S1-5 ɣ 
ekoˈɾo-ta 0 0 53 53 S1-6 ɣ 
ekoˈɾo-ta 0 0 48 48 S3-2 ɣ 
ekoˈɾo-ta 0 0 47 47 S3-3 ɣ 
ekoˈɾo-ta 0 0 47 47 S3-4 ɣ 
ekoˈɾo-ta 0 0 30 30 S5-2 ɣ 
ekoˈɾo-ta 0 0 108 108 S5-3 ɣ 
ekoˈɾo-ta 0 0 93 93 S5-5 ɣ 
ekoˈɾo-ta 0 0 40 40 S5-6 ɣ 
mõkaˈɾa-ta 0 0 36 36 S1-1 ɣ 
mõkaˈɾa-ta 0 0 47 47 S1-2 ɣ 
mõkaˈɾa-ta 0 0 42 42 S1-3 ɣ 
mõkaˈɾa-ta 0 0 28 28 S1-4 ɣ 
mõkaˈɾa-ta 0 0 46 46 S1-6 ɣ 
mõkaˈɾa-ta 0 0 53 53 S4-6 ɣ 
oˈka-ta 0 0 67 67 S1-2 ɣ 
oˈka-ta 0 0 82 82 S1-3 ɣ 
oˈka-ta 0 0 75 75 S1-4 ɣ 
oˈka-ta 0 0 89 89 S3-5 ɣ 
oˈka-ta 0 0 68 68 S4-2 ɣ 
oˈka-ta 0 0 35 35 S4-4 ɣ 
oɾekeˈa-ta 0 0 59 59 S4-4 ɣ 
pʰõˈka-ta 0 0 40 40 S1-2 ɣ 
pʰõˈka-ta 0 0 59 59 S3-1 ɣ 
tokoˈa-ta 0 0 57 57 S1-1 ɣ 
tokoˈa-ta 0 0 46 46 S1-2 ɣ 
tokoˈa-ta 0 0 50 50 S1-3 ɣ 
tokoˈa-ta 0 0 43 43 S1-5 ɣ 
tokoˈa-ta 0 0 49 49 S1-6 ɣ 
tokoˈa-ta 0 0 67 67 S2-5 ɣ 
tokoˈa-ta 0 0 76 76 S4-1 ɣ 
tokoˈa-ta 0 0 54 54 S4-4 ɣ 
ũɾãˈka-ta 0 0 44 44 S1-1 ɣ 
ũɾãˈka-ta 0 0 52 52 S1-3 ɣ 
ũɾãˈka-ta 0 0 45 45 S1-4 ɣ 
bakaˈɾa-ta 40 5 72 0 S2-1 k 
bakaˈɾa-ta 32 4 65 0 S2-6 k 
bakaˈɾa-ta 36 3 40 0 S5-1 k 
beˈko-ta 34 3 78 0 S1-1 k 
beˈko-ta 36 4 91 0 S2-1 k 
beˈko-ta 37 4 108 0 S2-2 k 
beˈko-ta 38 4 83 0 S2-3 k 
beˈko-ta 31 5 81 0 S3-1 k 
beˈko-ta 52 5 57 0 S4-1 k 
beˈko-ta 38 5 79 0 S4-2 k 
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beˈko-ta 33 4 72 0 S4-4 k 
beˈko-ta 36 5 73 0 S4-5 k 
beˈko-ta 18 4 75 0 S5-1 k 
beˈko-ta 22 4 105 0 S5-2 k 
buˈke-ta 32 5 115 0 S2-1 k 
buˈke-ta 26 7 112 0 S2-2 k 
buˈke-ta 26 7 117 0 S2-3 k 
buˈke-ta 20 7 109 0 S2-4 k 
buˈke-ta 50 6 93 0 S5-1 k 
buˈke-ta 43 5 86 0 S5-2 k 
buˈke-ta 41 5 118 0 S5-3 k 
buˈke-ta 40 6 61 0 S5-5 k 
oˈka-ta 38 4 90 0 S1-6 k 
oˈka-ta 21 4 86 0 S2-1 k 
oˈka-ta 31 6 99 0 S2-3 k 
oˈka-ta 33 6 67 0 S2-6 k 
oˈka-ta 39 7 117 0 S5-1 k 
oˈka-ta 38 7 72 0 S5-2 k 
oˈka-ta 35 7 94 0 S5-3 k 
oˈka-ta 42 7 66 0 S5-4 k 
oɾekeˈa-ta 28 5 62 0 S1-4 k 
oɾekeˈa-ta 27 6 70 0 S1-6 k 
oɾekeˈa-ta 22 8 93 0 S2-1 k 
oɾekeˈa-ta 30 7 90 0 S2-3 k 
oɾekeˈa-ta 39 5 89 0 S3-6 k 
oɾekeˈa-ta 62 5 88 0 S5-2 k 
oɾekeˈa-ta 40 8 72 0 S5-3 k 
pʰõˈka-ta 20 5 45 0 S2-2 k 
pʰõˈka-ta 19 4 40 0 S5-6 k 
piˈka-ta 34 10 102 0 S1-1 k 
piˈka-ta 37 6 68 0 S1-2 k 
piˈka-ta 34 8 88 0 S1-3 k 
piˈka-ta 39 8 83 0 S1-4 k 
piˈka-ta 27 3 70 0 S1-6 k 
piˈka-ta 32 7 104 0 S2-2 k 
piˈka-ta 35 8 113 0 S2-3 k 
piˈka-ta 24 5 147 0 S2-4 k 
piˈka-ta 47 6 155 0 S2-5 k 
piˈka-ta 28 4 141 0 S2-6 k 
piˈka-ta 39 6 166 0 S3-1 k 
piˈka-ta 37 7 100 0 S3-2 k 
piˈka-ta 32 6 156 0 S3-3 k 
piˈka-ta 31 7 138 0 S3-4 k 
piˈka-ta 32 6 102 0 S3-5 k 
piˈka-ta 25 5 93 0 S3-6 k 
piˈka-ta 57 5 114 0 S4-1 k 
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piˈka-ta 40 3 99 0 S4-2 k 
piˈka-ta 30 4 105 0 S4-3 k 
piˈka-ta 25 4 160 0 S4-6 k 
piˈka-ta 28 3 101 0 S5-1 k 
piˈka-ta 30 4 98 0 S5-3 k 
piˈka-ta 40 4 100 0 S5-4 k 
piˈka-ta 35 4 130 0 S5-5 k 
piˈka-ta 51 3 131 0 S5-6 k 
sʉkʉˈa-ta 23 8 88 0 S1-6 k 
sʉkʉˈa-ta 33 7 79 0 S2-1 k 
sʉkʉˈa-ta 40 6 115 0 S2-3 k 
sʉkʉˈa-ta 47 4 85 0 S2-4 k 
sʉkʉˈa-ta 41 4 95 0 S4-3 k 
sʉkʉˈa-ta 29 8 92 0 S4-4 k 
sʉkʉˈa-ta 46 7 82 0 S4-5 k 
sʉkʉˈa-ta 34 9 79 0 S4-6 k 
sʉkʉˈa-ta 44 6 86 0 S5-1 k 
sʉkʉˈa-ta 54 6 155 0 S5-2 k 
sʉkʉˈa-ta 44 8 96 0 S5-4 k 
sʉkʉˈa-ta 34 5 102 0 S5-5 k 
tokoˈa-ta 37 5 67 0 S1-4 k 
tokoˈa-ta 20 5 75 0 S2-2 k 
tokoˈa-ta 20 6 79 0 S2-3 k 
tokoˈa-ta 33 5 78 0 S2-4 k 
tokoˈa-ta 20 6 92 0 S2-6 k 
tokoˈa-ta 47 6 70 0 S3-1 k 
tokoˈa-ta 46 3 98 0 S3-2 k 
tokoˈa-ta 43 4 107 0 S3-4 k 
tokoˈa-ta 23 5 96 0 S3-5 k 
tokoˈa-ta 20 3 93 0 S3-6 k 
tokoˈa-ta 24 6 92 0 S5-1 k 
tokoˈa-ta 45 4 100 0 S5-2 k 
tokoˈa-ta 36 5 94 0 S5-3 k 
tokoˈa-ta 35 3 104 0 S5-4 k 
tokoˈa-ta 33 2 94 0 S5-5 k 
ũɾãˈka-ta 28 4 47 0 S3-6 k 
beˈko-ta 0 0 97 0 S1-4 ɣ ̊
tokoˈa-ta 0 0 80 0 S4-5 ɣ ̊
tokoˈa-ta 0 0 76 0 S4-6 ɣ ̊
tokoˈa-ta 0 0 119 0 S5-6 ɣ ̊
bakaˈɾa-ta     S4-2 error 
bakaˈɾa-ta     S5-6 error 
beˈko-ta     S5-4 error 
ekoˈɾo-ta     S2-1 error 
ekoˈɾo-ta     S2-3 error 
piˈka-ta     S2-1 error 
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piˈka-ta     S5-2 error 
sʉkʉˈa-ta     S2-6 error 
tokoˈa-ta     S2-1 error 
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DATA FILES: WORD-MEDIAL VOICED BILABIAL STOP /b/ 
Word FOT Burst Duration Pre-V Spkr Variant 
ˈaba 7 3 112 112 S1-2 b 
ˈaba 8 3 106 106 S1-3 b 
ˈaba 12 0 91 91 S1-5 b 
ˈaba 12 5 81 81 S1-6 b 
ˈaba 8 4 115 115 S2-1 b 
ˈaba 9 4 91 91 S2-2 b 
ˈaba 12 4 85 85 S2-3 b 
ˈaba 10 4 83 83 S2-4 b 
ˈaba 11 4 86 86 S2-5 b 
ˈaba 12 4 96 96 S2-6 b 
ˈaba 13 2 62 62 S3-2 b 
ˈaba 11 2 37 37 S3-4 b 
ˈaba 11 3 48 48 S3-5 b 
ˈaba 9 3 44 44 S3-6 b 
ˈaba 7 2 83 83 S4-1 b 
ˈaba 13 5 82 82 S4-4 b 
ˈaba 7 4 71 71 S4-5 b 
ˈaba 12 4 87 87 S4-6 b 
ˈaba 9 4 90 90 S5-1 b 
ˈaba 8 2 85 85 S5-2 b 
ˈaba 9 3 96 96 S5-4 b 
ˈaba 13 4 83 83 S5-5 b 
ˈaba 7 4 84 84 S5-6 b 
bakabaˈka-ta 9 3 58 58 S6-2 b 
bakabaˈka-ta 9 4 50 50 S6-3 b 
bakabaˈka-ta 14 5 63 63 S2-1 b 
bakabaˈka-ta 9 4 69 69 S2-2 b 
bakabaˈka-ta 10 4 79 79 S2-3 b 
bakabaˈka-ta 11 4 70 70 S2-4 b 
bakabaˈka-ta 9 3 98 98 S3-1 b 
bakabaˈka-ta 10 4 65 65 S3-2 b 
bakabaˈka-ta 9 4 71 71 S3-3 b 
bakabaˈka-ta 9 4 78 78 S3-4 b 
bakabaˈka-ta 10 4 64 64 S7-1 b 
bakabaˈka-ta 10 5 53 53 S7-3 b 
bakabaˈka-ta 13 4 55 55 S7-4 b 
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bakabaˈka-ta 9 3 65 65 S4-1 b 
bakabaˈka-ta 7 3 69 69 S4-3 b 
bakabaˈka-ta 8 3 67 67 S4-4 b 
ˈaba 0 0 88 88 S1-1 β 
ˈaba 0 0 85 85 S1-4 β 
ˈaba 0 0 95 95 S3-1 β 
ˈaba 0 0 80 80 S3-3 β 
ˈaba 0 0 83 83 S4-2 β 
ˈaba 0 0 60 60 S4-3 β 
ˈaba 0 0 90 90 S5-3 β 
bakaba'ka-ta 0 0 41 41 S6-1 β 
bakaba'ka-ta 0 0 63 63 S6-4 β 
bakaba'ka-ta 0 0 55 55 S7-2 β 
bakaba'ka-ta 0 0 55 55 S4-2 β 
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APPENDIX N  
DATA FILES: WORD-MEDIAL VOICED ALVEOLAR STOP /d/ 
Word FOT Burst Duration Pre-V Spkr Variant 
ãkʰi'da-ta 11 4 39 39 S1-4 d 
ãkʰi'da-ta 10 4 90 90 S1-5 d 
ãkʰi'da-ta 11 4 98 98 S2-1 d 
ãkʰi'da-ta 15 5 81 81 S2-2 d 
ãkʰi'da-ta 17 5 87 87 S2-3 d 
ãkʰi'da-ta 10 5 77 77 S2-4 d 
ãkʰi'da-ta 16 5 93 93 S2-6 d 
ãkʰi'da-ta 12 3 90 90 S3-1 d 
ãkʰi'da-ta 13 4 66 66 S3-2 d 
ãkʰi'da-ta 13 5 66 66 S3-3 d 
ãkʰi'da-ta 18 6 60 60 S3-4 d 
ãkʰi'da-ta 13 7 64 64 S3-5 d 
ãkʰi'da-ta 16 5 64 64 S3-6 d 
ãkʰi'da-ta 15 3 27 27 S4-5 d 
ãkʰi'da-ta 12 3 34 34 S4-6 d 
ãkʰi'da-ta 10 4 68 68 S5-1 d 
ãkʰi'da-ta 13 3 66 66 S5-2 d 
ãkʰi'da-ta 14 3 43 43 S5-3 d 
ãkʰi'da-ta 10 3 46 46 S5-4 d 
ãkʰi'da-ta 14 4 60 60 S5-5 d 
ãkʰi'da-ta 11 3 69 69 S5-6 d 
hede'kʰo-ta 6 3 61 61 S1-1 d 
hede'kʰo-ta 10 4 36 36 S1-3 d 
hede'kʰo-ta 16 4 95 95 S2-1 d 
hede'kʰo-ta 12 5 81 81 S2-2 d 
hede'kʰo-ta 15 5 96 96 S2-4 d 
hede'kʰo-ta 14 5 98 98 S2-5 d 
hede'kʰo-ta 13 5 104 104 S2-6 d 
hede'kʰo-ta 12 5 61 61 S3-3 d 
hede'kʰo-ta 16 6 41 41 S3-4 d 
hede'kʰo-ta 14 6 65 65 S3-5 d 
hede'kʰo-ta 8 4 39 39 S3-6 d 
hede'kʰo-ta 9 4 69 69 S5-1 d 
hede'kʰo-ta 10 4 81 81 S5-2 d 
hede'kʰo-ta 9 4 58 58 S5-5 d 
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hede'kʰo-ta 18 6 58 58 S5-6 d 
kʰu̶ˈda-ta 10 3 124 124 S2-2 d 
kʰu̶ˈda-ta 10 4 109 109 S2-3 d 
kʰu̶ˈda-ta 11 5 156 156 S2-4 d 
kʰu̶ˈda-ta 12 5 156 156 S2-5 d 
kʰu̶ˈda-ta 19 4 160 160 S2-6 d 
kʰu̶ˈda-ta 13 4 113 113 S3-1 d 
kʰu̶ˈda-ta 13 4 80 80 S3-2 d 
kʰu̶ˈda-ta 14 5 45 45 S3-3 d 
kʰu̶ˈda-ta 8 4 76 76 S3-4 d 
kʰu̶ˈda-ta 8 3 62 62 S3-5 d 
kʰu̶ˈda-ta 11 4 64 64 S3-6 d 
kʰu̶ˈda-ta 9 3 80 80 S5-1 d 
kʰu̶ˈda-ta 9 2 89 89 S5-3 d 
kʰu̶ˈda-ta 9 4 85 85 S5-4 d 
kʰu̶ˈda-ta 15 5 77 77 S5-5 d 
kʰu̶ˈda-ta 16 4 56 56 S5-6 d 
pʰewede'a-ta 16 4 95 95 S2-1 d 
pʰewede'a-ta 17 3 105 105 S2-2 d 
pʰewede'a-ta 17 5 127 127 S2-3 d 
pʰewede'a-ta 11 4 89 89 S2-4 d 
pʰewede'a-ta 12 5 64 64 S2-5 d 
pʰewede'a-ta 14 4 84 84 S2-6 d 
pʰewede'a-ta 10 3 106 106 S3-1 d 
pʰewede'a-ta 13 4 82 82 S3-2 d 
pʰewede'a-ta 17 3 67 67 S3-3 d 
pʰewede'a-ta 12 4 80 80 S3-4 d 
pʰewede'a-ta 11 5 79 79 S3-5 d 
pʰewede'a-ta 12 3 65 65 S3-6 d 
pʰewede'a-ta 9 4 50 50 S4-1 d 
pʰewede'a-ta 14 3 47 47 S4-4 d 
pʰewede'a-ta 12 3 57 57 S5-1 d 
pʰewede'a-ta 10 4 66 66 S5-2 d 
pʰewede'a-ta 9 3 67 67 S5-3 d 
pʰewede'a-ta 12 4 50 50 S5-4 d 
pʰewede'a-ta 13 5 53 53 S5-5 d 
pʰewede'a-ta 10 4 50 50 S5-6 d 
pu'da-ta 9 3 36 36 S1-4 d 
pu'da-ta 10 3 38 38 S1-6 d 
pu'da-ta 10 4 123 123 S2-1 d 
pu'da-ta 13 6 104 104 S2-2 d 
pu'da-ta 8 5 104 104 S2-3 d 
pu'da-ta 15 5 94 94 S2-4 d 
pu'da-ta 15 9 120 120 S2-5 d 
pu'da-ta 14 4 109 109 S2-6 d 
pu'da-ta 10 4 100 100 S3-1 d 
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pu'da-ta 11 6 79 79 S3-2 d 
pu'da-ta 9 4 68 68 S3-3 d 
pu'da-ta 12 3 57 57 S3-4 d 
pu'da-ta 13 4 73 73 S3-5 d 
pu'da-ta 10 4 74 74 S3-6 d 
pu'da-ta 9 3 81 81 S5-1 d 
pu'da-ta 15 6 89 89 S5-2 d 
pu'da-ta 16 5 83 83 S5-3 d 
pu'da-ta 12 4 81 81 S5-5 d 
pu'da-ta 12 5 73 73 S5-6 d 
pʰewede'a-ta 0 0 48 48 S1-1 ð 
pʰewede'a-ta 0 0 43 43 S1-2 ð 
pʰewede'a-ta 0 0 46 46 S1-3 ð 
pʰewede'a-ta 0 0 54 54 S1-4 ð 
pʰewede'a-ta 0 0 47 47 S1-5 ð 
pʰewede'a-ta 0 0 53 53 S1-6 ð 
pʰewede'a-ta 0 0 44 44 S4-2 ð 
pʰewede'a-ta 0 0 47 47 S4-3 ð 
pʰewede'a-ta 0 0 53 53 S4-5 ð 
pʰewede'a-ta 0 0 48 48 S4-6 ð 
ãkʰi'da-ta 0 0 29 29 S1-1 ð 
ãkʰi'da-ta 0 0 47 47 S1-2 ð 
ãkʰi'da-ta 0 0 38 38 S1-3 ð 
ãkʰi'da-ta 0 0 39 39 S1-6 ð 
ãkʰi'da-ta 0 0 83 83 S2-5 ð 
ãkʰi'da-ta 0 0 28 28 S4-1 ð 
ãkʰi'da-ta 0 0 44 44 S4-2 ð 
ãkʰi'da-ta 0 0 28 28 S4-3 ð 
ãkʰi'da-ta 0 0 48 48 S4-4 ð 
hede'kʰo-ta 0 0 44 44 S1-2 ð 
hede'kʰo-ta 0 0 32 32 S1-4 ð 
hede'kʰo-ta 0 0 64 64 S1-5 ð 
hede'kʰo-ta 0 0 49 49 S1-6 ð 
hede'kʰo-ta 0 0 79 79 S3-1 ð 
hede'kʰo-ta 0 0 74 74 S3-2 ð 
hede'kʰo-ta 0 0 47 47 S4-1 ð 
hede'kʰo-ta 0 0 46 46 S4-2 ð 
hede'kʰo-ta 0 0 57 57 S4-3 ð 
hede'kʰo-ta 0 0 41 41 S4-4 ð 
hede'kʰo-ta 0 0 36 36 S4-5 ð 
hede'kʰo-ta 0 0 52 52 S4-6 ð 
hede'kʰo-ta 0 0 67 67 S5-3 ð 
hede'kʰo-ta 0 0 68 68 S5-4 ð 
kʰu̶ˈda-ta 0 0 28 28 S1-1 ð 
kʰu̶ˈda-ta 0 0 42 42 S1-2 ð 
kʰu̶ˈda-ta 0 0 56 56 S1-3 ð 
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kʰu̶ˈda-ta 0 0 57 57 S1-4 ð 
kʰu̶ˈda-ta 0 0 68 68 S1-5 ð 
kʰu̶ˈda-ta 0 0 27 27 S1-6 ð 
kʰu̶ˈda-ta 0 0 40 40 S4-1 ð 
kʰu̶ˈda-ta 0 0 45 45 S4-2 ð 
kʰu̶ˈda-ta 0 0 39 39 S4-3 ð 
kʰu̶ˈda-ta 0 0 42 42 S4-4 ð 
kʰu̶ˈda-ta 0 0 50 50 S4-5 ð 
kʰu̶ˈda-ta 0 0 37 37 S4-6 ð 
kʰu̶ˈda-ta 0 0 89 89 S5-2 ð 
pu'da-ta 0 0 47 47 S1-1 ð 
pu'da-ta 0 0 34 34 S1-2 ð 
pu'da-ta 0 0 35 35 S1-3 ð 
pu'da-ta 0 0 38 38 S1-5 ð 
pu'da-ta 0 0 30 30 S4-1 ð 
pu'da-ta 0 0 33 33 S4-2 ð 
pu'da-ta 0 0 31 31 S4-3 ð 
pu'da-ta 0 0 30 30 S4-4 ð 
pu'da-ta 0 0 35 35 S4-5 ð 
pu'da-ta 0 0 48 48 S4-6 ð 
pu'da-ta 0 0 66 66 S5-4 ð 
hede'kʰo-ta 40 8 86 86 S2-3 error 
kʰu̶ˈda-ta 39 3 145 145 S2-1 error 
177 
REFERENCES 
Aguirre-Licht, Daniel. 2009. Chocó Languages. In Keith Brown & Sarah Ogilvie (eds.), 
Concise encyclopedia of languages of the world. Oxford: Elsevier Ltd. (3 July, 
2012). 
Baart, Joan. 2010. A field manual of acoustic phonetics. Dallas, TX: SIL International. 
Boersma, Paul & David Weenink. 2010. PRAAT. www.praat.com; accessed June 10, 
2010. 
Campbell, Lyle. 1997. American Indian languages: The historical linguistics of Native 
America. Oxford University Press. 
Coetzee, Andries & Rigardt Pretorius. 2010. Phonetically grounded phonology and 
sound change: The case of Tswana labial plosives. Journal of Phonetics 38. 404–
21. 
Costenla-Umaña, Adolfo & Enrique Margery-Peña. 1991. Elementos de fonología 
comparada Chocó. Filología y Linguística, vol. 17, 137–191. Colombia. 
Cox, Felicity. 2008. The acoustic characteristics of stops. 
http://clas.mq.edu.au/speech/acoustics/consonants/stopsweb.html; accessed 
July 6, 2010. 
Departamento Nacional de Planeación. 2010. Aspectos básicos grupos étnicos indígenas. 
Bogotá, Colombia. 
http://www.dnp.gov.co/LinkClick.aspx?fileticket=CpCS1dVTQf4%3D&tabid=2
73; accessed June 9, 2012. 
Dryer, Matthew & Martin Haspelmath (eds.). 2011. The world atlas of language structures 
online. http://wals.info/languoid/genus/choco; accessed July 2, 2012. 
Greenberg, Joseph. 1987. Language in the Americas. Stanford, CA: Stanford University 
Press. 
Harms, Phillip. 1984. Fonología del Epena Pedee (Saija). Sistemas fonológicos de idiomas 
colombianos, vol. 5, 157–201. Lomalinda, Colombia: Editorial Townsend. 
Hayes, Bruce. 1995. Metrical stress theory: Principles and case studies. Chicago, IL: 
University of Chicago Press. 
Ladefoged, Peter. 2003. Phonetic data analysis: An introduction to fieldwork and 
instrumental techniques. Oxford: Blackwell Publishing. 
178 
Ladefoged, Peter & Ian Maddieson. 1996. The sounds of the world’s languages. Oxford: 
Blackwell Publishers. 
Loewen, Jacob. 1960. Dialectología de la familia linguística Chocó. Bogotá, Colombia: 
RCA. 
Loewen, Jacob. 1963. Chocó 1: Introduction and bibliography. International Journal of 
American Linguistics 29. 239–63. 
Maddieson, Ian. 1999. Phonetic universals. In William Hardcastle & John Laver (eds.), 
The handbook of phonetic sciences. Oxford: Blackwell Publishers. 
Mortensen, Charles. 1994. Nasalization in a revision of Emberá-Katío phonology. 
Arlington, TX: University of Texas at Arlington ma thesis. 
Mortensen, Charles. 1999. A reference grammar of the Northern Embera languages. Dallas, 
TX: SIL International. 
Pardo-Rojas, Mauricio. 1984. Fonología del idioma Embera del noroccidente antioqueño. 
Medellin, Colombia: Secretaría de Educación de Antioquia. 
Pardo-Rojas, Mauricio & Daniel Aguirre-Licht. 1993. Dialectología Chocó. Estado actual 
de la clasificación las lenguas indígenas de Colombia, 270–312. Bogotá, Colombia: 
Instituto Caro y Cuervo. 
Pullum, Geoffrey & William Ladusaw. 1996. Phonetic symbol guide. 2nd ed. Chicago: 
University of Chicago Press. 
Rex, Eileen & Mareike Schöttelndreyer. 1972. Sistema fonológico del Catío. Sistemas 
fonológicos de idiomas colombianos, vol. 2, 73–85. Lomalinda, Colombia: Editorial 
Townsend. 
 
